N

d'}’

U. S. DEPARTMENT OF COMMERCE

Jesse H. Jones, Secretary

CIVIL AERONAUTICS ADMINISTRATION
Donald H. Connolly, Administrator

*

Civil Aeronautics Manual 04

AIRPLANE AIRWORTHINESS

UNITED STATES GOVERNMENT PRINTING OFFICE

WASHINGTON : 1941




04
CIVIL AFRONAUTICS MANUAL

INTRODUCTORY ROTE

This menual contains material which is intended to interpret

and explain the airplene mirworthiness requirements specified

in Pert 04 of the Civil Alr Regulations, to suggest how the pre-
sentation of the required technical date may be simplified in
order tc expedibe the examination thereof, and to presemt accept-
able methods for showing compliance with the requirements.

This manual contains all of the revisions which were issued for

the first edition, and, in sddition, includes the manusal revislouns
proposed in Aireraft Airworthiness Section Report No. 19, "Flutter
Provention Measures™. A new section, CAM 04.43-13 (Power Boost
Controls) has been added in this edition, while Section B, Appendix I
of the previcus mamal (regarding the performence of large seaplanes)
has been deleted in view of recent revisions b the performance
requirements of CAR Q4.

It should be understood that any method which can be shovm to

be equivalent of one set forth in this menual will be equally
acceptable to the Administration. Likewise, eny interpretation
herein shown to be inappliceble to a particular case may be
suitably modified for such case on request. In either event such
acceptance or modified interpretation will become effective ss
of the date of spproval, rather than the date of its incorporation
in this mameal. This memual will be revised from time to time as
equally acceptable methods, new interpretetions, or the need for
edditional explanstions are brought to the attention of the
Administrator.

For reference purposes, this menusl will be abbreviated by "CAM 04".
The designation "CAR 04" will be used in referring to Part 04 of
the Civil Air Regulations. .

The material in this menual is so arrenged end the sections
numbered to correspond with the pertinemnt sections of Civil Air
Regulations 04 that, for exemple, CAM 04.030 corresponds to

CAR 04.030, snd CAM 04.126-A1 refers to a specific breskdown of
CAR 04.,129. This edition of CAM 04 contains materiel pertaining
to CAR 04,0 through 04.4. The remeining sections of CAR 04 will
be covered by future additionse.

On the reverse side of this page will be found a form for con-
venience in maintaining s record of subsequent revisions.

(e)
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04,110 Indicated Airspeed, V

04,111 Design Level Speed, Vi,

04.112 Design Gliding Speed, V.

04.116 Design Maneuvering Speeé, VP

04,129 Aerodynamic Coefficisnts

04.129A Gepersl
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04,131 Primery Structure

04,2 STRUCTURAL LOADING CONDITIONS

04.20

General Structural Requirements
04.201 Deformetions

04.21 Flight loads

04.22

04,23

04.24

x (See WOTE page g)

04,212 Load Factors _ :

04,213 Symmetricel Flight Conditions (Fleps Retracted)

04,214 Symmetricel Flight Conditions (Flaps or Auxiliary
Devices in Operation)

04.215 Unsymmetricel Flight Conditions

04,216 Special Flight Conditions

04,217 Wing Load Distribution

04,2174 Span Distribution

042178 Chord Distribution

04,217C Special Loadings
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04,217E Resultant Forces on Biplenes
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04,2188 Balancing the Airplane

Control Surface Loads

04.220 General

04.221 Horizontsl Tail Surfaces
04,222 Verticael Tell Surfaces
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Control System Loads
04,230 General
04,234 Flap. and Tab Control Systems
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04,240 General
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Water Loeads
04,250 General
04.254 Step Lending (Boat Seeplanes)
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04,311 Beams
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Page Fo.
APPENDIX I  An Interpretation of CAR 04,003 For the Case of Large
Airplanes I=-1
APPENDIX 1I Sample Weight and Belance Report I=1
APPENDIX 111 Biplane Wing Lift Ccefficients IIT=1
APPENDIX IV (To Be Supplied) Iv-1
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subdivisions of such sections are contained herein.
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GENERAL

00

<0l
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DEVIATIONS

l. The requirements are based on the present development in the
seience of airplane design. Experience indicates that, when
applied to conventimal types of design, they will result in an
airworthy aircraft. New types of aircraft and new types of con~
struction may, however, incorporate features to which the require-
ment & cannot be logically applied. In such cases it is necessary
that the applicant show: :

a., that the requirement is not applicable because the air-
plane is shown to be unconventioml with respect thereto.

be that the objective on which the requirement is based can
be shown to hawve been met,

2. As used in CAR 04 tuncorventicmal™ refers not only to devia-
tions from the conventional with respect to general design and
design details, tut also with respect to size. As the requirements
of CAR 04 lave been based largely on experience with airplanes
weighing less than 30,000 pounds, they cammot logically be ex~
tended to aircraft of considerably greater size. Appendix 1,
containing suggestions on the trend of the requirements for large
airplanes, has therefare been included for the information of
designers, .

CLASSIFICATION CF AIRFLANES. (To be furmished later)
ATRNCRTHINESS CERTIFICATE

1., An Airworthiness Certificate is a document issued by the Admin-
istrator certifying that the aireraft is cansidered airworthy
when operated in accordance with the operation limitations
(including restrictions, if any) listed on the Aireraft Operation
Record attached thereto, An aircraft is assigned an idemtifica-
tion mark according to its degree of airworthiness. There are
tiree types of idemtification mark designations, the NC, NR, and
.

2. NC Desigmtion, This type of identification mark is assigned
to those airplanes which fully comply with the airworthiness re-
quirements of the Civil Air Regulations.

3+ NR Designation., This type of identification mark is assigned
to those ajirplanes which comply with the airworthiness require-

ments of the Civil Air Regulations except in some limited respect
but are in condition for safe operation for particuWlar activities,
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In such cases the lack of compliance with certain of the require-
ments will be compensated for by operation limitations and re-
strictions other than those normally employed under the NC desig-
nation. Where possible, use should be made of the NC designationg
i.es, the NR should not be considered as a means of avoiding the
necessity for showing ecompliance with the usual agirworthiness re~
quirements., Further, the NR designation should be applied only
to aircraft which are ineligible for the NC desigpation. In
general, NR aircraft will be those used in an industrial operation.
However, each case will be handled on its individual merits uoon
presentation of proper data to the Administrator.

4. NX Designation. This type of identification mark is assigned
1o those airplanes which have not demonstrated compliance with
the airworthiness requirements of the Civil Air Regulations, but
which in the opinion of an authorized representative of the
Administrator exhibit no apparent unairworthy features and are in
condition for safe operation for experimental purposes.

TECHNICAL DATA REQUIRED

1. ¥hen technical data are submitted as a basis for an airworthi-
ness certificate they should include information which, in conjune~
tion with suitable inspection and test procedurs, will enszble the
Administrator to determine whether the aireraft is eligible for such
certificate. 411 technical data submitted by the applicant for

the Administratorts file will be held confidential and will be used
only in connection with the airworthiness rating of the airplane

or a2irplanes to which such data apply; provided, however, that the
Administrator may at his discretion make such use of the confidential
data as is remired in the interests of public safety. Access to
confidential data will be provided to accredited representatives

of the holder of, or applicant for, a pertinent type certificate.
Confidential data will not be used for reference purposes in cone
nection with the repair, alteration or remodeling of certificated
airplanes by persons other than the holder of the pertinent type
certificate without the written consent of such holder unless he

is out of business or has given the Administrator blanket permission
for such use.

2. A technical data file for each model airplane for which a type
certificate is desired is necessary. This means that a complete
file for each model is required to the extent that reference can

be made to previously submitted data for a similar model. When the
tpplication for Type Certificate and the Application feor Production
Certificate forms are submitted, they should refer to the particular
models involved. When more than one model is covered by the tech-
rical data submitted, separate applications for type certificate
should be executed and forwarded for each model.
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SUBMISSION TO BRANCH OFFICE.

1. When data are submitted to a branch office of the Administrator,
an extra copy of the three-view drawing, main assembly and in-
stallation drawings, drawing lists, applications, reports, all
electrical system data, including a runming load analysis, and

all powerplant reports and assembly drawings should be included

for the Washingtonoffice files., Failure to follow this procedure
may lead to serious and undesirable delay for the manufacturer in
the examination of data requiring the attention of the Washington
office.

DATA REQUIRED FOR AIRWORTHINESS CERTTFICATE.

l, General. When an airworthiness certificate only is desired,
the data required is dependent on the particular protlems mvolved
in the design concernsed. The minimum data needed as 2 basis for
the issuance of an airworthiness certificate for a single airplane
for which a type certificate is not sought or has not previously
been issued, are as follows for the NO designations

a. A three-view drawing of the airplane, to 2 designated
scale, specifying the external dimensions, manufacturer?s
designation, engine model designation, design weight,
empty weight, wing and conmtrol surface areas, seating
arrangement, fuel and oil capacity, baggage capacity
(in pounds} and equipment supplied.

bs A complete explanation of the current sta'bus of the
model airplane involved.

¢e Such additional technical date as are deemed necessary

by the idministrator. The applicant is free to develop
and present any means he can for showing compliance with
the specified requirements., Reports on satisfactory
strength tests may be subsbituted for strength analyses.
In most cases it is desirable that a personal contact be
made to supplement the material presented for considera-
tion.

The above may, and usually will, also apply to an aircraft for
which an NR idemtification mark is desired, mt will not in gerneral,
apply to an aireraft for which an NY identification mark is desired,
since airplanes in this latter designation may be certificated by
a representative of the Administrator upon a satisfactory visual
inspeecvion only.

o (OB
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2. Service Types. In the case of service type airplanes, the
additional data deemed necessary by the idministrator under lc above
will include at least the following:

a. A comparison with the service type, describing the
differences, if any.

be Such drawings ami technical data as are necessary to

- substantiate all of the differences in the primary

structures described in accordance with a above,

ce A copy of the Army or Navy specification(s) pertinent
to the basic service type.

d, Summary data, certified to by the Air Corps or the Bureau
of Aeromautics, whichever agency is involved, making
clear the exact status of its final approval and acceptance
of the service type, particularly with respect to gross
weight, design speeds, equipment, approved center of
gravity range, flutter and vibration, and flight character-
isties.

€. One copy each of the complete drawing and equipment
lists.

«032  DATA REQUIRED FOR TYPE CERTIFICATE

1, As a basis for type certification the data listed in the
following paragraphs should be submitted.

0320 DRAWINGS

1. 4 set of drawings should be submitted in blneprint form, or
equivalent, Drawings should be folded to a size approximately
on x 124, and should contain 2% least the following information:

a, The manufacturer's designation of the original model to
wiich each drawing applies,

bs A1l dimensions essential to the reproducticn of an
identical airplare in respect to structural strength
and dimensions, '

e All dimensions essential for checking the structural

‘ analysis, '

de Specifications of all materials used in the primary

0=t
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structure, including the guaranteed physical properties
in the case of materials the strength properties of
which are developed through manufacturing processes,
and specifications of all bolts, nuts, riveils and
gimilar standard parts essential to the strength of
the structure. '

e. Details of the primary structure, seating arrangement,
exits, control systems, powerplant installations,
equipment installabions, and other factors affecting the
airworthiness of the airplane, except that adequate photo-
graphs may be substituted for drawings of the powerplant
installation, including cooling and exhaust systems.

Such photographs shall be made from marked negatives
indicating the dimensions and materials of the piping
and fittings. In any case diagrammatic layouts of the
fuel and oil systems should be submitted.

f. Revision blocks stating the nature of the revision and
the date it was made, The checking of revised drawings
of relatively large size will be expedited if the change
letters are printed in two perpendicular margins opposite
the revision on the drawing in addition to being inciuded
on the revision block, ' Each change must be adequately
described in the revision block of the drawing unless it
is so described in a copy of a shop change notice attached
to the changed drawing when submitting it to the Administra-
tor for approvals-

g+ A three-view drawing of the airplane, to a designated
scale, specifying only the external dimensions of the
airplane (including dimensions and areas of wing and
control surfaces) and the airplane and engine model
designations. Do not include items of equipment on the
three-view drawing, as this serves no useful purpose,
the equipment being covered by a separate list. Like-
wise, all references to performance should be omitted,.

‘he An electrical wiring diagram and conduit installation
drawings contaiming information pertaining to the rating,
manufacturer’s name and the model designation of items of
electrical equipment.

2, Attention to the following list of frequently omitted items
will be of assistance in expediting the work of the Administrator:

a. Complete dimensions, and references to all sitandard parts
such as bolts, nuts and rivets used in assembling a

given part.
o O=5
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b. Adequate material specifications and bend radii on all
shop drawings.

c. Location and details of control system pulleys and of
control surface stops,

d. Suitable assembly drawings showing the method of assem-
bly and calling out the detail parts required for all
major installations,

e, Adequate drawings and descriptions of the operation

- retractable landing gear control devices.

f. Drawings to show provision for expansion in oil tanks.

g. Details of measuring devices for fuel and oil tanks.

h. Complete structural drawings of all components.

5 Whenever a drawing previously submitted for one model is
also applicable without clenge to a new model, an additional
copy of the drawing is not reguired, However, as noted below,
the drawing list should ineclude a reference to the particular
model airplane for which the drawing was originally submitted.
Whenever the manufacturer'!s drawing mumber system permits, all
drawings received by the Administrator are filed in a single con-
secutive file, The drawings list for each model will in this
case be filed separately according to the pertinent model. In
this mammer duplication of files may be aveided.

DRAWING LIST

le A drawing list should be submitted in duplicate, listing in
numerical order or by suitable classification the number and
title of each drawing submitted under CAM 04.0320. The drawing

~ list should include references to all drawings originally sub-

mitted in connection with applications for airworthiness rating
of other models and which apply to the model in question without
change. The drawing list should also indicate, by letter, the
latest revision of each revised drawings In preparing the lists
it is desirable that the drawings be grouped according to the
airplane component concerned such as Wing Group, Fuselage Group,
ete. Within each group the dre:mngs should be 1isted in con-
secutive order.

2+ In the case of large airplanes the list of drawings becomes
very extensive, If tle manufacturer uses a straight mumerical
rombering system it may bescome necessary to supplement the
official drawing list arranged according to consecutive numbers

by another list arranged according to components and sub-

assemblies. The latter list will be used only as a ready refer-
ence for locating information in the file and need not be kept
up to date according to the latest drawing changes, Such
supplementary lists need not be sublmitted in duplicate.

o 0ut
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3. When submitting data for approval of revisions to an approved
file, the pertinent pages of the drawing list should be attached
in duplicate. The data of the latest revision should be noted on
the pertinent pages.

4, The drawing lists which are required to be submitted in
duplicate for each approved file may take various forms dependent
upon whether the drawings submitted pertain to one or more models.
Sample lists to demonstrate am acceptable form for the usual cases
involved are shown in Fige, 1. :

«0322 EQUIPMENT LISTS.

l, Lists specifying the equipment supplied with each airplane
should be submitted. The location, weight and model designation
of each item of equipment, inecluding the additional weight neces-
sary for installation should be specified. A recommended form
for equipment lists is shown in Fige. . This list shows a metind
of handling items in a simplified form which may include a number
of related models ard which makes it umnecessary to prepare
separate lists for each model.

2, In the checking of equipment 1ists by the Administrator, particular
attention is paid to ascertain:

a. The effects of the equipment installation on the aircraft
structure. The examiner ascertains that satisfactory
analyses and drawings are submitted for such items as
batteries, radios, extra fuel tanks, flares, etc;

be that items for which approval is required, such as wheels,
safety belts, etc., are of an approved type; and

ce the effects of the equipment instzallation weights on the
longitudinal balance of the airplane, (See also CaM
04,0531.).

3. The following information is aften incorrectly or incompletely
supplied in preparing the required equipment lists. Careful
attention to these details will preventdelays from this source.

2, The model designation of both propeller Imb and blades
should be specified together with the range in diameter
for which approval is desired., Information regarding
constant speed control units, etc,, should be included,

"be Optional fuel and oil tank installations should be speci-
fied with pertirent weights, capacities and locations
thereof, When the horizontal arm of the fuel or oil in
the tank is differemt from the arm of the tank installa-
tion the list should ineclude both arms.

™
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SAMPLE DRAWING LISTS
 {(Ref. CAM 04.0321)

1, 7Iist when only one new model isr involvédf.

MODEL 10 DRAWING LIST

Drawing No.{ Change| Title Originally
: Submitted
For Model |
WING GROUP
22001 B | Frame Assembly, Ouber Wing 10
22002 K Spar Assembly, Outer Front 10

FUSELAGE GROUP

POWERPLANT GROUP — Etce

Latest Revision 7/21/37.

IT. List when new model has only minor variations from previously

approved basic model (10).,
MODEL 11 DRAWING LIST

With the exception of the drawings listed under A and B below the
drawing list of Model 10 spplies also to Model 1l,

A, Model 10 Drawings not pertinent to Model 11, (See
arrangement under I above.)

B. Drawings pertinent to lodel 11 which are in addition
to Model 10 list less group A above. (See arrangement
under I above. )

ITI. List when new model is a2 major revision of a previously
approved model or models.
‘ MODEL. 15 DRAWING LIST

Drawing No.| Change Title Originally
Submitted
For Model
WING GROUP
25001 -~ |Frame Assembly, Outer Wing 15
2500 — | Spar Assembly, Outer Front 15
25003 A Fitting, Front Spar, Root :
Attachment 10
25004 E Fitting, Front Spar, Strut| 11
Etc,
latest Revision 3/27/3
Fige 1

«0=8
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04.
‘
RECOMMENDED FORM FOR
FAUIPENY L18TS
CLASS I ITEMS
Ttem i Horig. Arm Weights Used on Models
Ho, Them Maes mnd Model From Datwe
A B c D E
1 NACA Cowl Drwg. No. 39700 ] 28,0 28,0 31,0 33.0 33.0
2a Propeller = Wood Hartzell G69K ‘ =87 42,0 42,0
2b Propsller - FPixed Metal Curtiss 55501 " =58 51.0 51.%2 5l.0
3 Starter - Direet Electric Eoclipse Em=B0 -36 20,0 20.0 20.0 20,0 20,0
4 Gensrator - Engine Driven Eclipse IV~180 =36 18.0 18,0 18.0
b Storage Battery Exide 6-T=8~7-1 =32 36,0 36,0 36,0
6 Battery Bax — — — J— — A
7 Posltion Lights Grimes A . ———— —— - ——— - ———
8 Landing Lights Grimes Retractable g 11.0 11,0 31.0
9 Instruméats
a, Compass
b. Altimeter
¢ Tachcmeter
10 Sarety Belta (5) Rusco AE~200 —— [ — - —— ~——
1 Fusl Tanks - Two 35 gal. Drawing No. 39724 30 —— —— -— —— -——
12 0il Tanks - Qne & gal. Drawing No. 39745 ~32 ~— —-— ——— — ——
13 Bonding ———n — B - — - n—-
14 1 Coaler Drawing Ho. 17091 -48 ~—— — — — ———
15 Wheels Hayes 651 M 7 75 75 75 78 75
(List tires when & special
type or sife iz reguired)
16a Garburetor Air Hemter Drawing Ne. 3200 =40
16b Carburetor Air Heater Drawing No. 32002 ~40
-
OPTIONAL EQUIPMENT
(Ineludes Class I and Class III)
" Item Used an  Total Instln. Hor., A&rm
Yo. Maxe and Model ) Models  Wt. (¥Met From Datime
Inoraasa over
Class I)
20 Plares~Farachute International Mark I ALl 17,0 108
: 3-1 1/2 Minute Zlsotric
21 Extra 20 gal. fuel tank _ _
(Plus 6 gal. oil tank-No increase) DPrawing No, 59670 CoDoB 12,0 79
22 Spesial Upholstering .
#s Leather Full Grain AIl 30.0 45
be Leather S8eats only Fuli Grain A1l 11,0 41
23 Speoipnl Instruments
d. Large Compass Pioneer Straitflight All Be0 ~13
be Thermooouple Inatallation Weston 602 (Single Lead) All 1.6 -13
a. EBte.
244 Genarators
a, Epngine driven
- 1, Boseh IZ 70/12 RS AR 13 ~34
2. Bosch - 1E 79/12 R6 e,D,8 8,0 32
25.  Radio Rquimment
8s Recelvers
1. RCA=AVR=7 Series All 24 +9
(Chasals and Power
Supply) 16 =10
(Contrals and Wiring) 8,0
be Compasges
1. RCA-AVR=S ALl 8440 20
{Chassis and Power
(8upply) 43.0 16
(Eoop Assembly) 10,0 40
(Controls and Wiring) 11.0 16

* Distances messured aft of the datum are pesitive, thoss forward are negative,

{reF. cAm of.0322)

FIG. 2 RECOMMENDED FORM FOR EQUIPMENT LISTS

«0=8
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c. Ttems which include a number of distributed parts, such
as a radio, should be listed with the installation
weight and its arm for balance purposes, but the loca-
tion of the majin units should also be given,.

d., Wheels, tires and such items should be specified by
model designation, name of manufacturer and size, and
the weights and horizontal arms should be given.

ee The weights of certain items such as position lights,
safety belts, and special throttle controls need not be
specified but the list should include the model designa-
tion and rame of manufacturer in order that it may be
determined whether or not they are of an approved type.

f. For special items such as carburetor heaters, oil
coolers, etc., which may not have a model designation,
the pertinent drawing mumber should be specified, )

ge The weight of items of equipment should be given to the
nearest pound.

PRELIMINARY WEIGHT AND BALANCE REPORT

1. A report should be sutmitted in which the range of center
of gravity locations for which rating is sought is determined
versus weight and with respect to suitable reference planes or
lines. This report determines the CG positions and the weights
to be used for design purposes. It should include the Balance
Diagram (CAM 04.0324) and the Weight Table (Cam 04.0325). If
the 1limits of the tinal range as determined during the Type In-
spection appreciably exceed the design limiis, use of the final
values should be substantiated insofar as they affect the design
computations.

BATANCE DIAGRAM

1. Ths report required in CAM 04.0323 should include a diagram
showing the location of the centers of gravity of the component
parts of the airplane and its contents, and the location of a
suitable reference chord for the wing system, and the location
of the assumed cemter of pressure of the horizontal taile The
locations of these items should be indicated by reference to
suitable horizontal and vertical planes.

2. The amount of detzil necessary in preparing an acceptable
balance diagram will vary consicderably deperding upon the size
of the project and the variations in possible loading conditions.
When large variations in the amount of equipment are expected,
it may be desirable to use a separate equipment balance diagram,
The balance diagram should include the following:

00‘10
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Outline of the airplane (side view).

Horizonmtal and vertical scales. For horizontal arms it
is preferable that the datum be chosen at some definite
and accessible point on the airplane, such as a point at
the leading edge of the wing. This facilitates checking
in the field. Distances aft of this point are generally
assumed as positive and those forward as negative, For
vertical amms the datum may be chosen a2t some arbitrary
location below the extended landing gear, so that all
distances are up and positive. '

ITtem designations. These desigpations (usually numbers)
should correspord with the designation used in the weight
table and, when possible, with the designations used in
the equipment list and weight and balance reports.

Item Locations, The various items should be shown in the
proper location on the outline noted in (a) above, Such
location may be indicated by a small circle together with
the item designmation noted in (¢} above,

Dimensions. The following should be given:

(1) Iength of MAC,

(R) Horizontal distance from datum to the leading edge
of the MAC.

(3) Vertical distance from the datum to a definite and
accessible point on the airplane such as the center-
line of the propeller.

3. A suggested form for the balance diagram for an airplane in the
one to five place size range is shown in Fige 3.

4. For large airplanes, and especially airline aircraft having
many possible loading conditions, a more detailed balance diagram
is pecessary in order to permit a ready check of many of the com-
ponent items, The following method is suggested as ome possible
means of solving the problem satisfactorily for practical use,

S

Prepare an outline drawing (side view), with established
vertical and horizontal reference planes located relative
to some fixed point on the airplane structure. Incluvde
certain additional parallel auxiliary reference planes,
called stations, desigmated by their distance in inches
from the established reference planes. If possible,
such station designations should agree with designations
normally used in specifying stations of the structure
and in locating varicus equipment of structural items
shovm on major assembly drawings or equipment installa-
tions,
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bs In cases where it is not practical to show each items as
an individual number on tle diagrem, due to the large
mumber of items involved, the CG's of groups of related
items may be determined and each such GG shown as a
gingle item on the balance diagram.

WEIGHT TAHLE

l. The report specified in CAM 04.0323 . should include a table

or list of the weights of all component parts of the airplane

and its contents. The weights showm in the table should be broken
down and itemized so that they may readily be used in the struc-
tural analysis reports of the individual components such as Wing,
Fuselage, Engine Nacelles, etc.

STRUCTURAL REPORTS

1., A stractural report should be submitted in which the strength
of the structure is determined with reference to the strength
requirements specifieds The structural report should include the
computations of the required limit loads and should demonstrate
the ability of the structure to develop the required factors of
safety with resvect to these loads either by analytical methods
satisfactory to the Administrator or by reference to authenticated
test data, or by a combimation of bothe Note that CAM 04,0501
provides for discontirmance of the examination of reports in
event that they contain errors which render them unsatisfactory.
In order to aveid delays in the checking of data it 1s recommended
that all computations be given an independent check by the manu-
facturer and be signed by both the original computer and the
checker. A preferred form of title page, and of title block of
subsequent pages, of engineering reports is shown in Fig, 4.

STRUCTURAL ANATYSIS

l., Computations submitted as part of the structural report should
include a table, or tables, including the minimmm margins of safety
computed for all structural members and should bear the signature
of the respongible engineer or enginecers.

2« The histary of past airplane model designs shows that in
practically all cases the original design weight is increased
sometime during the life of the projects In order that the
approval of such clanges may be handled without undue effort and
resultant delay it is essential that each structural analyses
report contain a table summarizing the minimum margins of safety

sdetermined in the body of the report. Such report tables should

include the name of the element involved (such as spar), design
condition, margin of safety, and page mumber reference.

NA%
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(Sample title page for engineering reports)

NAME OF MANUFACTURER
AIRPLANE™ MODEL NO.
REPORT NO.

TITLE OF REPORT

Date Prepared by

Revisions Checkad by

Approved by

 Withessed by

* or Engine, Preopeller or Eguipment

Subject Page

Prepared By Model
MANUFACTURER

Date ’ Report No.

Checked By

(Sample title block for report pages)
REF. CAM 04,0326
FIG. = SAMPLE TITLE PAGE AND TITLE BLOGK

«0-14
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TEST REPORTS

1, Test reporis submitted as a part of, or referred to in, the
structural report should bhear the signature of the Administratorts

represemntative who witnessed the tests, except in the case of

minor tests, in which case the applicani's certification that
the report accurately represents the complete results of the
tests will be accepted.

2e In the preparation of test reports sutmitted to the Administrator
as partial proof of a given structure it is essential that they
cortain as a minimum the following information:

a. Determimation of tests loads (including references to
pertinent page and mumber of stress analysis report).
be Distribution of loads doring test.
¢. Description and photographs of test set-up, (Detail
views are necessary in some cases,)
de. Description of method of testing.
e. Resulis of tests, including photographs of structures
‘ found to be critical.
f. Tog of deflection data, (Imlud:ng sketches to show
location of points at which the deflections were measured.)
ge Curves of deflection vs. load for each such point to per-
mit determination of any evidence of permanent set.
h. Signature of Administrator's representative(s) and manufactur-
ing engineer(s} who witnessed the test.
i. Sigmeture of company engineer(s) re5p0n51b1e for test
‘repart.

SCHEDULE FOR SURMITTING DATA

1, VWhen submitting data for a type certificate for large projects
that may require the attention of the Administrator for an extended
period of time, it is desirable that information as to the schedule
of approximate dates when the data will be received by the Adminietra~
tor be forwarded at an early date., A sample of a preferred

schedule of this nature is shown in Fig. 5.

INSPECTION AND TESTS

ls For Type Certification. The procedure for inspection and
tests where type certification is involved is outlined in CAM
04,05 below,

2. For Airworthiness Certification. The procedure for inspection
and tests where an airvorthiness certificate only is desired and
type certification is not imvolved will include such parts of

CAM 04,05 below as deemed necessary by the Administrator.

+0-15
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SAMPLE SCHEDULE OF SUBMTSSICN OF MODEL 120 TECHNICAL DATA
T0 THE CIVIL AERONAUTICS ADMINISTRATION

l, ZInitiate Correspondence Regarding Plans
for New Project July 1, 1837
R« Conferences and Correspondence re Special
or Unconventional Features August 1, 19357

3, Structural Research Data Jamaary 1, 1938
4, Determination of Applied Loads Pebruary 15, 1938
5. Preliminary Weight and Balance Report February 15, 1938
6. Drawing and Equipmemnt Lis-bs May 1, 1938
7. Wing Group May 1, 1838
8+ IEngine Mount L May 1, 19838
9. Landing Gear ¥ay 15, 1938
10, Tail Wheel Nay 15, 1938
11, Nacelle May 15, 1938
12. Tail Group : June 1, 1938
13, Control System June 1, 1938
14, Fuselage June 1, 1938
15. Miscellaneous Tests With Pertinent Group.

16. Control Surface and {Jontrol System Proof
and QOperating Tests; Dynamic Drop Tests October 1, 1938

The above dates represent the best present estimate of the dates
at which the reports with assembly and detail drawings necessary
for check can be submitted to the Administrator.

Figs 5

« 016
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PROCEDURE FOR TYPE CERTTFICATION
EXAMINATTION OF DATA |
PARTTAL DATA

1. The Administrater will examine partial units of the required
technical data provided that each such unit is complete in it-
self with respect to both analyses and drawings.

DISCONTINUANCE OF EXAUTNATION

l. Examination of any techmical data, including drawings,
submitted in connection with an application for airwerthiness
rating, will be discontimued if errors, omissions, or lack of
references are found which, in the opinion of the Administrater,
render the data unsatisfactory as a basis for proving compliance
with the airworthiness requirements. The examination will be
continued upon correction of the data to the Administratorts satis-
faction. Minor errors and omissicns, the effects of which can

be readily evaluated, will not constitute cause of discontiming
examination of techmical data.

STRUCTURAL INSPECTION

1, An official representative of the Administrator will conduct
such inspections of the structure and methods of fabrication as

are deemed necessary by the Administrator prior to completion of the
airplane and will witness structural tests in compliance with

these regulations.

TYPE INSPECTION AUTHORIZATION.

1. A type inspection will be authorized upon fulfillment of
the following:

a, Completion of examination of the structural report and
drawings and correction by the applicant of a2ll errors
and omissions which, in the opinion of the Administrator,
must be corrected before authorization of the type in-
Spsction.

b. Completion, and acceptance by the Administrator, of all
structural tests required as part of the structural report
or to prove compliance with the requirements herein
specified,

¢» Submission of the necessary test reports and their
acceptance by the Administrator.

.0—17
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TYPE INSPECTION PROCEDURE

1. The type inspection should consist of a ground inspection
and a flight test of an aimplane built to conform with the
technical data previously submitted and approved and on which
the authorization of the type inspection was based. The follow-
ing subparagraphs should be complied with in connection with
the type inspection.

STATENENT OF CONFORMITY

1. The manufacturer should present to a designated inspector

of the Administrator a certified statement of conformity, upon a
form to be supplied by the idministrator, in which his chief engi-
neer or other responsible technical representztive should certify
that the zirplane submitited for type inspection has been manu-
factured in accordance with the latest technical data submitted
to and sporoved by the fdministrator (including 211 revisions and
additions required by the Administrator in connection with author-
ization of the type inspection) except for any deviations
therefrom, which should be listed and described.

WEIGHT AND BALANCE REPORT

1. The airplane should be weighed and its balance determined in the
presence of an authorized representative of the Administratar, and
the mamufacturer should submit to such representative a complete
report covering the determination of the weights and center of
gravity locations for which certification is desired.

2. A recommended form for weight and balance reports is given
in Appendix II, This report is based upon the actual weight
of the airplane and the loadings as flown in the type tests.
CAR 04.7 should be noted in comnection with this section.

3. As the weight and balance report determines the equipment
classification used on the pertinent aircraft specification,
the following erplanatlon of such classification is given:

a. ©Class I (Required equipment) includes all items which
mist be installed on the zirplane at 21l tiwmes in order
that the airplane may be deemed azirworthy from all
standpoints; i.z., structural, operationzl, aerodynamical
and balance. For example, if an oil cooler is used to
comply with the engine cooling reguirements, the cil

if an airplane is eguipped with electrically operated
wing flaps or an engine with battery ignition, the

/////// cooler is classified as Class I eguipnent. Similarly,

power source 1s clasgified as Class I equipment. Wheels,

=15
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propellers, safety belts, required fire extinguishers,
etc., are obviously Class I equipments In addition to
the above type of required equipment it is often neces-
sary to classify as Class I equipment, certain ltems
which ordinarily would be optional equipment, due solely
to the fact that the weight and balance report dees not
substantiate the removal therecf, For example, when an
item of equipment, which would ctherwise be optional, is
included in checks of both the most forward and most rear-
ward CG positions substanmtiated, it is classified as
required equipment for balance purposes only. (See
Sections 2(B) and 3(B) of the Sample We:_gh‘b and Balance
Report in Appendix IT.)

Class IT optional egquipment includes all items which have
been suvstantiated from structural, operational and aero-
dynamical standpoints, tut not from a balance standpoint.,
211 airplanes eguipped with any Class I1 item must be
checked to ascertain that the approved GG limits are not
exceeded with the most adverse loadings possible, It
should be noted that when any item of Class II equipment
is added, 2ll optional eguipment (including equipment
otherwise in Class IIT) becomes, in effect, Class IT
equipment. A recheck of balance is therefore required
if any subsequent change in egquipment is made while any
(lass II item remains installed.

Class ITTI optional equipment includes all items which
have been substantiated from struetural, operational

and aerodynamical standpoints, and from a balance stand-
point assuming no Class II item is installed, In order
for an item of equipment to be eligible for such classi-
fication it must be shown that the CG of the airplane,
equipped with all Class T and no Class T1 items,will not
exceed the approved limits under the following loading
corditions:

(1) If the item adversely affects the most forward CG
condition, when it and only that portion of the
useful load (persons, fuel, oil and cargo) plus
only those other items of Class ITI equipment
.which also adversely affect the most forward CG
condition, are present.

(2) If the item adversely affects the most rearward
CG conditiom, when it and only that portion of the
useful load plus only those other items of the
Class IIT equipment wnich also adversely affect the
most rearward CG condition, are present.

Note: The weight of the pilot will of course be
included in both conditions, Full oil is

used in both conditions except in the case
of air carrier aircraft,
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d. It should be noted that any item of optional equipment
having its CG located between the approved CG limite
automatically becomes a Class IIJ item of equipment.

0532 APPLICANT'S FLIGHT TEST REPORT

1. Prior to, or at the time of, presentation of the airplane for
flight tests, the applicant should submit to the Administrator's
representative a detailed report of flight tests of the airplane
involved. This report should be signed by the applicant's test
pilot who should certify that the airplane has been flown by hin
in all maneuvers necessary for proof of compliance with the
flight requirements and found to conform therewith, except that
for very large airplanes this procedure may be modified as deemed
necessary by the Administrator. In order to expedite checking of
this report it ig advisable that the results of the applicant's
flight tests be recorded on a form of the type used by the Admin-
istrator in comnection with the required flight tests. Copies

of this form may be obtained from the Administrator's emgineering
inspector, : :

.05833 GROUND INSPECTION

1. Before conducting any flight tests, the Administrator's represen-
tative will complete the ground inspection to determine that all
items affecting the safety in flight have been found satisfactory.

0534 FLIGHT TESTS

The airplane will be subjected to such flight tests as are neces-
sary to prove compliance with the f1ight and operation requirements
specified in CAR 04.7 and to supply the pertinent information re-
quired upon the form specified by CAM 04.0532,

.0535 DISCONTINUANCE OF TYPE INSPECTION

l. If during any part of the ground inspection or flight test
there is noted any unfavorasble characteristic or defect which

is considered sufficiently serious by the Administratorts rep-
resentative to warrant discontimming the type inspection until
corrective measures have been taken by the applicant:

a. the Administrator?s representative will note each
unsatisfactory item upon a form supplied for the
purpose, with sufficient detail so that it will be
clear to all concerned;

b. one copy of such form will be transmitted to the
mamufacturer;

¢. the manufecturer should advise the Administrator
when the airecraft incorporating the required changes
will be available for continuance of the type
inspection; and
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d. the manufacturer should furnish the Administrator with
technical data descriptive of all structural changes,
except those of an obviously minor nature, such changes
to be substantiated by test, if necessary, and approved
prior to resuming the type inspection.

ISSUANCE OF ATRCRAFT SPECIFICATICN

1. Upon satisfactory completion of all reports, tests and in-
spections required to prove compliance with the airworthiness
requirements of the Administrator, an Aireraft Specification will
be issued for the type and model of the airplane in question. The
Aireraft Specification will certify as to the airworthiness of
airplanes of the type in question when manufactured and maintained
in accordance with the provisions noted thereon.

ISSUMNCE OF TYPE CERTIFICATES

1. A type certificate such as is described in CAR 02 will be
issued to the applicant upon compliance with the requirements
therein.

AUTHENTICATED DATA

1. As a part of the type certificate, the Administrator will furnish
the applicant, upon issuance of such certificate, one set of drawing
lists on which the sesl of the Administrator is impressed. These
lists will show acceptance of the drawings as partial proof of

the airworthiness of the type of airplane to which they apply.

CHANGES

1. Change, Repair or Alteration of Individual Certificated Alr-

. planes, Change, repair or alteration of a certificated airplane

renders such airplame subject to re-certificsation as to airworthiness
in accordance with CAR 18, but does not affect the type certificate
on which the alrworthiness certification may have been based. As a
general rule extensive revisions of the primary structure should

not be undertaken without the cooperation of the airplane manufacturer.
Changes which appear to be unimportant might seriously affect the
structural safety or fiying gualities, making the airplane unszafe.
The mamufacturer is supplied with complete strength calculations from
which infommation regarding the spproved member sizes and material
specifications can be obtained. Also, the manufacturer may have
already obtained the Adwministrator's approval of the proposed change.

0=-21
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2. Changes by Holder of Type Certificate. The holder of a type
certificate  should apply for approval of any specific change
or revision of the approved drawings or specifications which
affect the airworthiness of the airplane and should submit
sufficiernt technical data in the form of strength calculations
and strength tests, or both, to demonstrate contimued compliance
with the airworthiness requirements hereimafter specified. Cor-
rected pages of the drawing lists, in duplicate, should also be

submitted, Altermate installations should be so designated and

properly indicated on the drawing lists, If, in the opinion of

the Administrator, the changes are such as to affect the performance
or operating characteristics, appropriate tests may be reguired.
Upon satisfactory proof tlat tie revisions do not render the
airplane type unairworthy the Aircraft Specification may be modi-
fied to include airplanes embodying the approved changes and

sezaled copies of the revised drawing list pages will be returned

to the applicant. The manufacturer should maintain a record of

the airplane serial numbers to which the changes apply.

3., Changes by Persons Other Than Holder of Type Certificate.
Changes such as described above, when made by persons other than
the holder of the type certificate, are also subject vo the pro-
cedure outlined above, exvept that the written consent of the
holder of the type certificate should be obtained if it is de~
sired to refer to technical data originally subtmitied to the
Administrator in commection with type certification. With the con-
sent of both the person making the change and the holder of the
type certificate; all airplanes manufactured urnder the type cer-
tificate may be made eligible for such change by an appropriate
revision of the pertinent Aircraft Specification.

MINOR 'GHANGES

1. The procedure to be followed in obtaining approval of minor
changes to airplanes manufactured under the termms of a type
certificate will largely depend on the mature of the change in-
volved. AS soon &s time will permit additions will be made %o
this mamal covering certain specific changes in addition to that
covered in 2 below,

2. When a tail wheel and tire are appended to a previously
approved tail skid instellation and the original provisions for
shock absorption are left intact, the following procedure should
be followed in obtaining approval of the change:

aes Submit the usual file drawings.
o O=l2
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be Substantiate the strength of skid structure and attach-
ment to the fuselage if the point of contact with the
ground of the proposed wheel installation is forward of
the tail skid shoe contact point, For installations
where the contact points coincide or the wheel is to the
rear of the skid comtact point, no structural investiga-
tion is required urless such procedure appears necessary,

- Ce Obtain inspection of instdllation and weight chéck by a
_representative of the Administrator.

d. Obtain recheck of landing and taxiing characteristics by a
representative of the Administrator. No investigation of
the status of the tire, strength of the wheel attachment to
the skid, or the energy zbsorption capacity need be made.

061  MAJOR CHANGES

A GENERAL

l., Major changes in existing designs will usually entail an
appreciable expenditure of time and money on the part of the appli-~
cant for approval. Care should therefore be taken to delermine

the status of such changes with respect to the pertinent regula-
tions, prior to any extensive rebuilding or conversion.

B INSTALIATION OF AN ENGINE OF A TYPE OTHER THAN THAT COVERED BY
THE ORIGINAL TYPE (OR APPROVED TYPE) CERITFICATE

1, It is generally understood that the purpose of most changes
involving the installation of an engine of a type other than that
covered by the original approval is to permit full advantage to be
taken of improvemenmts in engine performance which do not involve
a mterial increase in engine weight, This is of direct benefit
to the operator of the airplane, as it increases safety of opera-
tion and/or performance by irproving take-off, climb, single
engine performance, true cruising speeds at altitude, engine
reliability, and engine life between overhauls, with few (if any)
changes in the aireraft structure. It should be carefully noted
that these benefits will be difficult to obtain if the changes
made require or invelve an increase in the originally approved
airplane gross weight or placard speeds, If the changes result
in an inerease in placard speeds, it will be necessary in any
event o reinvestigate the structure for campliance with the flutter
prevention measures referred to in CAR 04.,404. Before making a
change in engire it is always advisable for an ovmer %o contact
the manufacturer of the make of airplane involved to learn if the
proposed change has ever been approved by the Administrator. If
there is a record of approval, it is often a relatively simple
matter to revise the airplane to conform with the mamifacturerts
approved data.

3
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2+ The general procedure to be followed, when the rated power
of the engine to be installed exceeds tlmt originally used for
design purposes or exceeds the rated power of the engine being
replaced, is described in the following paragraphs., It consisis,
briefly, in substantiating the strength of the engine mount and
adjacent structure for the take-off (one minute) power and faor
the local increase in weight, if any, and in limiting the engine
output and indicated speeds for subsequent posting in the air.
craft, The ergine placard limits differentiate between the
power permitted for continuous operation (maximum, except take-
off), and that which has been approved for take-off only (take-
off, one minute}. The following procedure applies to modifica-
tions of existing designs tut the principles will also apply to
new designs under consideration.

3+ To expedite handling and to reduce the usual exchange of
correspondence to a minimum, the applicant for approval of the
change should alvays supply a complete description of the pro-
posed engine replacement, When an individual airplane is being
modified it should be identified in the correspondence as to
name of manufacturer, model designation, manufacturer's serial
muber and identification mark, 1In acdition, a new or revised
airplane model designation should be selected to distinguish it
from the original model. The current status of tle engine to be
used, with respect to CAR 13, should be determined prior to the
completion of any extensive clanges. Field inspection personnel
of the Administrator are supplied with this information and they
will asgist in the determination of the status of the engine in
question, Copies of the approved engine specification can be
obtained from the Administraticnts Publications and Statistics
Division in Washington. 1f the details of the powerplant in-
.stallation are affected. note that the pertinemt requirements
specified in CAM 04.0320-1(e) and CAR 0O4.6 call for certain
approved file data.

4, The data submitted shauld include a comparison of the weights
of the original and proposed engine installations, Appendix 1
of the Repeir and Alteration Manual will be found useful in re-
checking the balance, The aircraft specification, copies of
which can be obtained from the Administrationt's Publications and
Stetistics Division, includes the approved center of gravity

range,

5. Changes in engine mount structure and the local effects
of an increase in engine weight must, of course, be
investigateds The extent of such investigation will depend
largely upon the amount of inereased power _

D=4
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the applicant desires to use in take~-off (one minute) and the re-
maining operations., See 7 below for references to operation
limitations, See CAM 04.0320 for references to the information
required on drawings submitted covering the changes made.

6. Airspeed Placard Iimits. There are a large mmber of certifi-
cated airplanes in service wihich do not display the placard speeds
specified in the current requirements. These airplane models were
approved prior to the application of the 1934 edition of Aeromauties
Bulletin No, 7-A in whish the requirements for airspeed placards
first appeared in the airplane regulations, In these cases

when the rated power of the engine being installed exceeds

that of the engine installation originally approved, the follow- ;
ing airspeed limits should be displayed:

a. Level Flight or Climb: Vj.

be Glide or Dive: 1.RVy. Vy is the actual indicated high
speed in level flight obtainable with the power of the
engine originally used.

If the applicant for approval wishes to raise these placard limits,
there are no objections to his imvestigation of the case. The
carrent requirements will serve as a guide for determining which
components of the airplane and pertinent loading conditions or
design criteria involve a consideration of design airspeeds. For
cases in which airspeed placard limits were determined
as part of the original approval, the use of an engine

with rated power in excess of that originally used for design

es will not require changes of the original airspeed placard
limits. However, as previously mentioned, an attempt to increase
these placard speeds will represent a revision of the basic strue-
tural design data and as such will usually reguire an appreciable
amount of reinvestigation for purposes of determining whether the
airplane structure can withstand the air loads incident to the
increased performance., As a rule only the airplane manufacturer
or an experienced engineer can efficiently make the necessary
investigations. The Administrator does not initiate such studies.

7. Engine Placard Limits, The airplanesdiscussed in the first
part of 6 above in most instances do not display the engine placard
limits specified in the current requirements. In these cases

when the rated power of the engine being installed exceeds that

of the engine installation being replaced the following engine
operation limits should be displayed:

ae Maximum, except take-off horsepower, not to exceed the
output of the originally approved engime installation
which is being replaced.

be Take-off (one minute) horsepower, limited by:

o r
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(1) Approved teke-off rating of engine., See CAR 04,60,
CAR 13 and approved engine specification,

(2) Status of propeller used. See CAR 04,61, CAR 14
ard approved propeller specification.

(3) Strength of engine mount structure. See CAR 04.26.

(4) Fuel flow capacity. See CAR 04,625,

(5) Engine cooling requirements., See CAR 04.640,

For cases in which engine placard limits were determined

as part of the original approval of the airplane, the
use of an ergine with rated power different from that of the
engine being replaced will require the display of new placard
limits carresponding with the maximum permissible output deter-
mined by the following:

at, Maximum, except take~off horsepower, limited by:

(1) Approved rating of engine. See CAR 04.80, CAR 13
and approved engine specification.

() Status of propeller used. See CAR 04.61, CAR 14
and approved propeller specification. .

(3) Strength of engine mourt structure. See CAR 04,26.

(4) Fuel flow capacity tests. See CAR 04,625. (There
are a few supercharged installations for which
the paximm, except take-off, rating is greater
than the take-off rating. Therefore, the maximum,
‘except take~off powsr, is used in determining the
fuel flow reguired.) .

{(5) Tull power longitudinel stability characteristiecs
with rearmost center of gravitye.

(6) Engine cooling tests. See (AR 04.640.

(7) Design power used in original amalysis.

b'. Take-off (one mimute} horsepower, limited by items
listed in b{1l) to b(5) above.

8, Inspection and Flight Tests. Following receipt and approval
by the Administrator of file data satisfactorily accounting for tne
echange in engine as discussed in the foregoing paragraphs, the
usual inspection and & recheck of certain flight tests will be
authorized., The extent of the flight tesis will depend upon the
nature of the replacement with respect to the original approval.

9, Tt will be of interest to designers to note that provision
for future increases in engine power and airplane performance
can easily be made in the original design by the following
methods:
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a., Assume a power loading of 12 pounds per HP in determin-
ing the maneuvering loa.d factors. (See Fig. 04-3 of
CAR 04.)

be Design the engine mount, adjacemt structure, and power-
plant installation for the maximm power which might
possibly be used in the future.

c. Assume a design level speed (Vy) considered high enough
for all future operationse In this connection it should
be noted that speed placards refer to nindicated" air-
speeds and that the corresponding actual airspeed may
therefore exceed the placard speed at altitudes above
sea level,

C CONVERSION OF APPROVED TYPE TANDPLANE CR SEAPLANE TGO  APPROVED
SKIPLANE STATUS

i. There are two distinct steps involved in obtaining +the Administrator's
approval of an airplane equipped with skis. These are as follows:

a, Approval of the ski model.
be Approval of tle airplane equipped with approved skis,

It should be moted that the approval of a ski and the approval

of a ski installation are two separate cases. The Administrator's
approval of a ski for a specified static load for quantity pro-
duction under a type certificate does mot imply approval of the
ski installed on any certificated airplane. It means only that
the ski itself is satisfactory. This is true also in the case of
a single set of skis where no itype certificate is involved,

2+ Approval of the Ski Model. The strength of all skis must be
substantiated in accordance with the requirements comtained in

CAR 15 (see also CaM 15) before they may be used on certificated
aireraft, whether or not the designer or manufacturer desires to
obtain a type certificate for the skis. The procedure for obtain-
ing an approval for skis is explained in CAR 15.

3« Approval of an Airplane Eguipped with Approved Skis, Certain
airplane models are already approved with certain specific approved
skis instelled. The owner of a certificated airplane of some such
model wishing to install skis, need only install skis of the model
with which airplanes of his model are approved and his airplane

will be approved with the skis installed, upon the satisfactory com-
pletion of an inspection of the installation by a representative of
the Administrator. Shomld changes in the landing gear be necessary to
accommodate the skis, the owner, of course, must make the changes

in accordance with the change data approved by the Administrator, If

o027
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the airplane is of a model which has not been approved with the
installation of skis of the particular approved model it is de-
sired to install, the procedure hereinafter outlined should be

followed:

a., Technical data showing any changes in the landing gear
should be submitted to the Administrator for approval.
This is not often necessary, as skis are usually de-
signed to attach to the axles in place of the wheels,

be Upon approval of the change data, if any, the installa-
tion must pass a satisfactory inspection by a
represemtative of the Administrator.

¢e During this inspection, the represemtative will obtain
the weight of the ski installation and the weight of the
wheel installation which has been replaced.

d. Uoon completion of a satisfactory inspection, the repre-
sentative will witness take-offs and landings, and other
demonstrations if deemed necessary, of the airplane
equipped with skis. The characteristics of the airplane
equipped with skis must be acceptable to the Administrator's
representative.

4, If the airplane inspected and tested is a standard airplane

of a certain model and the skis installed are approved under a
type certificate and manufactured under a producltion certificate
or if the skis are manmufactured unnder an approved type certificate,
all airplanes of this model will be considered eligible for
approval. when equipped with skis of the model installed on the
airplane inspected. The aircraft specification will identify

the approval accordingly.

5. If the skis installed are not approved under an approved
type certificate or were not mamfactured under a production
certificate, each a:Lrplane so equipped mst undergo the tests
of 34 above in order to be eligivle for approval. The noles
on the pertinent aircraft specificabtion will list this distine-
tion. l

.062  CHANGES REQUIRED BY THE ADMINISTRATOR

1, Due to Revised Regulations, The 'type certificate permits
production of aircraft under the terms of the airworthiness re-
quirements in effect at the time of the type approval. Due to
progress in the art, however, it may be advisable in rare cases,
to require that airplanes being built under a type certificate
be mde to conform with a requirement made effective subsequent
to the issuance of the type certificate.

+0=R8
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2+ Due to Unsatisfactory Service Experience, When unsatis-

factory experiences are encountered in service it is the normal
procedure for the mamifacturer to prepare 2 service ulletin and
forward it direct to the aircraft ovmers. Such service bulletins

are usually prepared in cooperation with the Admihistrator. When the
difficulty encountered is of sufficient Importance to require
immediate action an Airworthiness Maintenance Bulletin is prepared by
the Administratorand is sent by registered mail to all owners to
agvise them of the mature of the difficulty, the corrective steps

to be taken, amd requesting them to contact an authorized repre-
sentativz of the Administrator regarding approval of the changes made.
In addition a special note is generally issued as a supplement

to the Aircraft Specification as a final checlk to insure that the
particular item has been corrected by the time of the annual
inspection,
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DEFINITIONS (INCLUDING STANDARD SYMBOLS, VALUES, AND FORMULAS)

DEFINITIONS ADDITIONAL TO THOSE GIVEN IN CAR 04,1,

1. Asrodynamic Center, a.c. The point on the wing chord, expressed as a
fraction of the chord, about which the moment coefficient is substantially
constant for all angles of atback. The theoretical loecatlor is at 25 per
cent of the chord. The actual location may differ from the theoretical
location and may be determined from the slope of the moment coefficient
cgurve as outlined in CAM 04.129C.

2o Drég Areas The area of a hypothetical surface having en absolute drag
coafficient of 1.0

%, Equivalent Drag Area, Spe The drag area which, at & given value of

" dynamic pressire, will proeduce the same aerodynamic drag as the bedy or

combination of bodies under consideration. (MNote: Sy = 1.28 SE,nhere SE
is the.equivalent flat plate aresa), |

a. Sp, = estimated total drag ares at high speed, in square feet,
When the velus of VI, is known or has been estimated, Sp, can be
determined by solving Bq. 16 in GAM 04, 1~C for d. When it is
desired %o estimate 8p, first in order to compute the value of Vi,
the equation SDt = Spa + can be used. & refers to the total
wing ares exclusive of the ares replaced by the fuselage and Cp
can usually be assumed to be the minimum wing drag coefficlent.

Typical values of Sne (Drag area of airplane less wing) are given
in Fige 6, '

4. Margin of Safety, MeS. The margin of safety 1s the percentage or
fraction by which ultimate strength of a member exceeds its ultimate load.

. 8e A linear mergin of safety is one which varies linearly with the
ultimate load.
be A nonlinear margin of safety is one which is based on stresses
which are not proportional to the ultimate load. A nonlinear
mergin of safety is not a true measure of the excess strength of
2 member.

STANDARD SYMBOLS:
A~ ‘ : 8 = positidn of aerodynamic center,
. ) fragtion of chord; subseript

factualM,

B.Ce = sorodynamic center.

r-y 1—1.
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-

B - 7 b ~ distance between spars, fraction
of chord; span of wing.

¢ - chord, feet; cocefficlent;
constant; subseript, Ychord®.

CP - center of pressure,
fraction of chord.

C3 = center of gravity. _
D - subscript "drag". d - drag loading, Ibs/sq Pt.

e = unit wing weight, Ibs/éq .
F - force, 1bs. f - unit stress, Ibs/éq in;

front spar loecation, fraetion
of chord; subscript, “fuselage®.

g ~ acceleration of gravity (= 32.2
ft/%ecz); subseript "gliding".

HP ~ horsepower. ' h - distancg measured perpendicular
to MAC, in terms of MAC.

i = subseript "induced”.

J = position of wing CG, fraction of
chord; factor of safety.

K - a goeneral factor.
L -~ subseript "1ift" or Mlevel™.

M - moment, £t Ibs; subseript m - slope of 1ift curve, A G/ radiang
"nament™. , moment divided by W; subscript
"meximum vertical®.

MAC - mean aerodynamic chord.
¥ - margin of safety.

N - subsoript, ™normal force™. n - load in terms of W (net value
: ‘ ~equals aoceleration factor)*.

o -~ subseript, zero lift™, ™initial®,
®standard sea level®™.

P - design power (See CAR p - power loading, lbs/ﬁP.

04,105); load, 1bs.
‘ ' ' q - dynamic pressure, Ibs/éq ft.
* Without subsoript, n refers to an applied load normel to the basic

wing reference chord.
0 1=3
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Y

R = resultant forece or feaction,
* 1bs; aspect ratioj subseript
"resultant®,

8 - deosign wing area, sq ft.
(See CAR 04.104)

Sp - equivalent drag area, sq ft.
(See cAM 04.1 -A3}.

Sp = equivalent flat plate area,
89 £t.

-~ tail load, Ibs.
- gust veiocity, £t/sec.

airplane speed, mi/hr.

2 4 o w
1

- total weight of airplang
and contents., Ibs.

r - rear spar location, fraction of
chord.

s - wing loading, Ibs/sq £t;
subseript, Mstall®™.

t « subseript "tail®.
u = subgeript "ultimate™.
v ~ airplane speed, rt/sec.

w - unit pressure, lbs/sq ft;
subseript “wing".

41
[

sverage unit pressﬁre,
lbs/éq big

x - distance measured parallel to
MAC in terms of MAC; subsoript*,

¥ - subscript, Myleld™.

(alpha) - angle of attack,
radisns or degrees.

a
I

B~ (beta) - £light path angle,
degrees.

A - {delta) =~ increment.
7 - (otn) - propeller efficiency.

p - {rho) - mass density of air.

*‘.With subseript "x", n refers to an applied load parallel to the basic
wing reference chord. (See Fig.,22).

C STANDARD VALUES AND FORMULAS

Afr Density:

1. py = .002378 slugs (1bs/32.2)/6u £t {standard sea level value).

o1t



CIVIL AERONAUTICS MANUAT 04.1-C
Dynemiec Pressures:

2

, 2
«00119 v; (where v; is "indicated" speed, fps.)

1

= 00256 Vi (where V; is "indicated" speed, mph.)

it

Basio Alrplens Parameters:
3, s =W38
4., p=TW/EP
5. 4 =W/8)
Aorodynamic Coefficients:
6. Cp= (% + c%)l/z
Te Cy= 0y cos a+ Oy sina
8. Cg =~ Op, sin a+ Cp oos a (positive rearward)
9 Oy =0y (x = CP) (Where x is the distance, from the leading edges,
* of the point on the chord about which the
moment is computed, expressed as a frection of
the chord).
Forces, Unit Loadings, and COouples:s
16 F
1l. Fp = SD qa

12, M =TF, L (torque or coupls)

= GMS g C

i

CS g (Where x mey be Re L, Dy N, C, or M)

13, w= ¢
1¢. n=F/Mm
154 Fpp = 375!LHP5/?3 (propeller thrust, pounds)
Speeds: .
. 1/3 1/3 o
16, Vih = B2.7 (Q' Pg) (Po/ba) (mph) = motual air speed at

air density p,.
2
17 Vg = 19,76 (s/bL max)lj, (mph) = indicated stalling speed.
18. Ty = 19,76 (d)l/b (mph) = indicated theoretical maximum vertical

speed.

(Note: 'The value of ™d" should be the same as that used in, or
determined from, Bq. 16.)
ol=b
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n

1/2
19, V; = Va(pa/po) wheres Vi indicated air speed.
Vs actual air speed.

Po = standard density of air at sea level.
Pa = density of air in which V, is attained.

"

20, AC; = m (U/v) = change in C; due to gust.

2le Anm

A Cp (¢/s) = change in load factor due to gust.
«104 DESIGN WING AREA

le In computing the design wing area ths plan form of tapered or ellipti-
cal wings may be represented by a number of trapezoids elosely approximat~
ing the actuaml plan form and having an equivalent ares.

2. Trailing edge cut-outs may in general be meglected if they do not remove
more than one~half ‘the chord.

3. The spplication of CAR 04.104 to several typical cases is illustrated
in F:.Lg. Ta
«105 DESIGN POVER, P.

1. TFor eirplanes of less than 2000 pounds standard weight the design
power should not be less than the meximm except teke-off rating of the
engine installed.

2. In the case of airplanes having standard weights of 2000 pounds or
more, there are no specific restrictions in regard to the choice of
design power.

.110 INDICATED AIRSPEED, V.

1., For stress analysis purposes all airspeeds are expressed as "indicated"
sirspeeds. The "indicated”™ sirspeed is defined as the speed which would
be indicated by a perfect airspeed indicator, namely; one which would
indioate true airspeed at sea level under standard atmosphere conditions,

,111  DESIGN LEVEL SFEED, Vy.

1. In the case of alrplanes of less then 2000 pounds standard weight
the high speed in level flight at design power should not exceed the
velue chosen for Vj. Performance calculations based on actual flight
test dete will be acceptable to substantiste the value of T selected
if it is found to be impractical to conduct tests st design power.

2. For mirplanes having standard welghts of 2000 pounds or more, there
are no specific restrietions in regard to the choice of design level
speed.

.112  DESIGN GLIDING SPEED, Vg.

1. The equation given in CAR 04.211 for the minimum walue of Vg provides
for the following factors:

a, FProbability of exceeding the high speed in level flight,
(Vg can never be less than V).

+1=6
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Effect of cleanmess and welght on the gliding speed which
can be attained at a given gliding angle. Both these
quentities are included in the term V. Propeller drag
at terminal speed is not allowed for as the formula will
not give values of Vy high enough to cause the propeller
thrust to reverse in direction,

Influence of alrplesne size on the maximum speed likely

to be used. The factor K, is an empirical factor based

on the weight of the airpf&ne. Its purpose is to provids
higher design gliding speeds for small, highly-maneuverable
airplanes.

' I k4 77 LA Ty ras T
; ] / :.4 v

LESS THAN .5CHORD

] |
Nl
______ .___J_%.ﬁ__-_____

Nif

DESIGN WING AREA IS
OUTLINED BY SHADED LINE

FIG. 7 TYPICAL DESIGN WING AREAS
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<118 DESTGN MANEUVERING SPEED., VP.
l. The egquation given in CAR 04.211 for VP is inbtended %o provide for
the following factors:

8. V., cammot be less than the minimum speed of level flight.

bo ASsuming that the size of the conirol surfaces is governed largely
by the necessity for adequate control at the minimum speed, the
formula btends to reduse the unit loading for the larger control
surface areas required when ‘the stalling speed is low.

¢, The high speed of the airplane is included in the formula ss =
general measure of the megnitude of the maneuvering spesd, so thatb
the unit loading will be increased with an increase in high speed.

de The factor is an empirical factor to provide for the more severe
maneuvers likely to be experienced by small airplanes. This factor
is adjusted so as to make the control surface loadings for average
ajrplanes agree approximately with those known to be satisfactory
from pest experience.

2129 AERODYNANMIC COEFFICIENTS.
A GENERAL.

1. The coefficients are absolute (non-dimensional) coefficients., When
applied to an airfoil surface of given area they represent the ratio between
an actusl average unit pressure referred to the projected areaz of the airfoil
and the dynemic pressure corresponding to the flight condition being consid-
ered. The subsceripbs denote the direction along which the force is measured,
but 4o not change the basic reference ares.

2, The subscripts "L" and "D" refer to directions normal bto and parallel to
the relative wind, while the subscripts "H" and "C" refer to direotions
respectively normal toandparallel to the basic wing chord. Subscript "R
refers to the direction of the resultant forece. These factors are illustrat-
ed in Fips. 8 and 9, When the planes of the drag truss and 1ift trusses do
not coincide respectively with the planes of the basic chord and the plane

of the normal forces, a correction is necessary before the coefficilents can
be used directly in the wing analysis method outlined in CAM 04,31, The
corrected coefficients are obtained by resolving the resultant forse coeffici-
ents into components in the plane of the 1ift truss and drag truss, as shown
in Fig. 10. The effect on the chord coefficlent may be considerabls, but

the ecorrection for Cy will usually be negligible.

3. The momeni coefficlent may be considered to be of the same nature as the
force coefficients 1f the force to which it corresponds is applied as a

couple at the leading and trailing edges of the wing chord, as shown in

Figse. 8, 9 and 10, A positive moment coefficient requires an upward foree

at the leading edge, &s shown., The conversion of center of pressure position
into a moment coefficient about any given point can be easily accomplished by
means of Eq. 9 in CAM O04. 1-C. It should be noted that the center of pressure
and the moment coefficlent are alternative in nature and can not both be used
et the ssme time,

«1-8
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FIG. IO

REF CAM O4.120-AZ

™

FIGS. §,9,and 10~ ILLUSTRATION OF AIRFOIL FORCE COEFFICIENTS

301230 O—41——+4
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04.

REF CAM O4.129-B1
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! 04. 2 Lod
 DETERMIFATION OF CORRECTED AIRFOTL CHARACTERISTICS. 129-C

1. The standard airfoil characteristics for conventional airfoils are
obtainable from NACA Reports and Technical KNotes. The standard coefficients
must usually be corrected and several additioral coefficients should be
plotted for use in the stress analysis. Simplified equations are outlined
below for this purpose and Table I has been compiled to facilitate the
numerical work. The results should be replotted in & convenient form such
as that shown in Pig. 11, where €y, is used as the basic coefficient, instead
of angle of attack,

2. Aspect Ratio Corrections., The methods of correcting for aspect restio are
well defined and are outlined in various text books and reports. The follow-
ing equations may be used in this connection:

R = ()% /8

Where R = aspect ratio,
k = Munk's span factor for biplanes
(for monoplanes k = 1.0),

b = span of longest wing, and
S = design wing area (See 6 CAR 04,104).
1 1 1
E=5 - Rg R 0.1667

Where K = correction factor,

a = ag + 18,24 KC (Items 2 to 4, Teble I).

L

Where ag = angle of attack (degrees) for a given €1,
when aspect ratio is 6,

a = angle of attack (degrees) for same ¢
when aspect ratio is Ra

L
2
Cp = Cp_  + 0818 K C;° (Ttems 5 to 7, Table I),
o
Where CDS =G, for given C, when aspect ratio is 6.
CD = n n n n ” " " " p
3 + 6/R

There me = slope of lift curve when aspect ratio is 8.
o = n n n n n n " nogq,

COMPUTATION OF ADDITIONAL CHARACTERISTICS.

l. As indicated in Table I, certain additional characteristies are desir-
able and they may be determined as follows:

2. The normal foree coefficient, Cy, can be determined from Eq. 7,
CAM 04,1~C. The steps involved are shown as items 8 to 12 of

o111
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Table I. It will be found that Oy is almost identically egual %o
Cy, for small values of the latter. This may not be ftrue, however,
for unconventional or modified airfoils, such as those equipped with
fleps.

bo The chord coefficient, Cn, is determined from Eq. 8, CAM 04.1-C. The
steps are outlined as items 13 to 15 of Table I,

¢. The moment coefficient about the serodynamic center, Cy 4is not given
in some airfoil reports. In some cases the moment coe?ficient about
the quarter chord point GMC 4 is plotted against C;. 1In such cases a
straight line can be drawn to fit the C curve &5 closely as possible
(See Fig. 11). The average value of Cy isthen cbtained from the
straight line where C; = O. The position of the aerodynamic center
can then be obtained by the following equation:

& = .25 - (G - G.Ma)'

Where CMi is the wvalue given by the straight
line for C where Cy = 1e0a
de The values of a and cmg can also be cbtained directly from CP curves
as oublined in steps 16 and 17 of Table I, in which the values of
GMC/4 are determined., These values can be plotted against CL and

the process for determining a and Cy ean then be carried out as out-
lined sbove., In any case, the opermélons should be confined to the
values of Cp which lie on the substantlally straight portion of the
lift coefficient curve.

e« The value of Oy can be separately determined for any given value of
€y, by means ofM%he equation:

Oy, = Cia/y *+ (a - 425) Cy,
It may be edvisable to plot these values for unconventional airfoils
which do not have a well-defined aerodynamie center, Provision is
made under ITtem 18 of Table I for determining local values of Cma.

D EXTENSION (OF CHARACTIERISTIC CURVES.

1, 1In the accelerated flight conditions it is poussible to closely approach
or exceed the maximum value of C; shown on the basic airfoil characteristic
curve without the breakdown of the flow characterized by the change in slope
of the lift curve. The curve to be used for stress analysis purposes can be
extended to represent the effect of a sudden change in angle of attack by
the following spproximations: :

a. Referring to Pige 11, extend the curve of angle of atbtack, a,; to
higher values of C; by means of a straight line coinciding with
the substantially straight portion of the original curve, The
values of a so obtained should be entered in Table I under item 4.
(The dotted lines in Fig, 11 indicates extended values).

b+ Determine the induced drag coefficient as outlined in 1tem 19 of
Table I. R and K are defined in CAM 04,129-B,

¢. Determine the profile drag coefficient s item 20 of Table I.
Plot these values for the original stralght portion of the €y
curve and extend the curve so obtained along the same general path
followed at the lower values of C1, as shown in Fig. 1l. Enter the
values of CD thus obbtained under item 20,

d. Extend the CD curve by determining the velues for item 7 of Table I,
as indicated.

i
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«131

©s The C,, curve can be extended as a horizontal straight line.

f. The e%%ended values of Cy and C, are determined as indicated under
items 8 to 15 of Table I, using the extended values of Cpe

g+ The CP walues should be extended by means of the eguation:

CP=a - CMQ/CN
using the extended values of Oy, -~

E BIPLANE EFFECTS.

1. The effects of biplane interference can be converniently accounted for
by a suitable modificetion of the corrected airfoil charascteristic curves
illustrated in Fig, 1l, The modification of the wvarious characteristics
for each wing can be carried cut as follows, referring to Table I:

tte Lift Coefficlents. The individual 1ife coefficients for each wing
should be determined for the useful range of average lift coefficient,
Cs (Item 1 of Table I). AppendixIITherein comprises the acceptable
method and ealls gttention to the limitation in the application of
HACA Report No. 501. This method derives increments which are ndded
to and subtracted from the average 1lift cecefficlent. Ttems 21 and 24
are provided in Table I for this purpuse.

ba Normal Force Coefficients. The corrected normal force coefficisnts
for each biplane wing are plobtted on Fige 1l« These values can be
determined from the original curve of average normsl force coeffi-
cient by using the corrected values of (1 under items 23 and 24,
Table I.

¢e General Characteristics. It is not necessary to plot the remaining
characteristics for each biplane wing as they can be readily deter-
mined by the following method. @Giver a design value of the average
Cy» the corresponding points on the Cy curves for each wing are
determined., This individual value of biplane Cj corresponding to
the biplane Cy are determined by horizontal lires intersecting the
average Cy curve. The various coefficients for each wing are then
determined for these values of Cp, as indicated by the vertical
dotted lines on Fig. 1l.

PRIMARY STRUCTURE
1. This includes such items as control systems, fittings, suxiliary
members used to support or strengthen other members cerrying dirsct

loads, covering of wings and control surfaces, etc., in addition
to the main load carrying structure.

slmld
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STRUCTURAL. LOADING CONDITIONS.
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DEFORMAT T ONS.

1. Detrimental permanent deformations are in general considered as those
which correspond to stresses in excess of the yield stress. The yleld
stress is defined as the stress at which the permanent strain is 0.002
inches per inch,

2. In determining the permenent deformations the effects of slippage or
jig deflection may be deducted if properly measured.

GUST LOAD FACTORS

1. The following formule for the loed factor added in encountering a
a gust should be used for wings:

An = _KUVn where an = limit load factor increment.
575 (W/S)
X = gust facbtor, see CAM 04, Fig. lla.
U = gust velocity, feet per second.
(Note that the "effective" sharp-edged gust equals KU).
V = indicated alrspeed, miles per hour.
WS = wing loeding (CAR 04.106).
m = slope of 1ift curve, Cp, per radien, corrected for aspect
ratio. :

CONDITION I (POSITIVE HIGE ANGLE OF ATTACK).

l. This condition is illustrated graphically in Fig. 12, It is primerily
designed to represent conditions at which the highest positive acceleration
or load factor is likely to be obtained and is based on either a gust or
maneuvering condition. The meneuvering load factor increments given in

CAR Fig. 04-3 are semi-empirical and are based largely on past experience,
They represent the highest increments of mcceleration which are to be expect-
ed during maneuvers.

2, As 1%t is possible to develop the 1limit load factor for Conditien I in
various flight attitudes, a definite range of values of Cj, is included, as
indicated in Fig, 12. This corresponds to the assumption that the 1limit
load factor will be developed at speeds somewhat below the V,, the lowsst
speed being that associated with the value of Cymgye The modified flight
conditions, which are explained in succeeding sections, are intended to
provide for the effects of this assumption and are so specified as to
reguire & minimum amount of investigation.

3, It will be noted that in Condition I & walue for the CP is specified,
instead -of the moment coefficient, If it is desired to find the moment
coefficient to be used in Condition I, the wvalues of CP and Cxy cen be
inserted in equation 9, CAM 04 1-C. 1In the case of a biplane, the proper
correction should first be made to the upper wing CP.

e2=1
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4. The srbitrary assumption of Cs = -.20 Cy is based on an average figure
for Cg at Crpey 2nd an adjustment of the desigrn speed to give the applied
losd facto? required. If the gust condition causes the value of Gy to
exceed Cpp..» the chord coefficient will usually be greater negatively than
the arbitrary value specified.

21310 CONDITION 17 (PCSITIVE HIGH ANGLE OF ATTACK MODIFIED)

1. In condition I, the value of Cy required to produce the specified limit
load factor at the high speed of the airplane will usually be counsiderably
less than that corresponding to Grp.y . Condition I is designed to be

critical for the front spar in bending and compression., ¥or this reason
arbitrary values of Cy and CP are assigned, which ordinarily represent a
pull-up to the limit load factor at a speed lower ther V. In certain
cases, however, the actual accelerated condition at VL may be critical

for some portions of the structure, in which case it should be checked.

The characteristics used for Tondition I, are illustrated on Fig. 13. This
condition applies in any event to the following cases: '

a., Front Spar. Whon the temsion fiange or chord member of a front
spar 15 designed for low margins of safety in Condibion I, the smell-
er forward chord component which occurs in Condition I may permit the
net tension load to become greater than that compubed for Condition I
and thereby result in negative margins of safety.

b. Rear Spar and Rear Lift Truss. When a wing section having a small
negative or a positive moment coefficient is employed, it is possibls
for the rear spar to receive its greantest beam loading when the limit
load factor for Condition I is developed at the speed Vi.

,2132  CONDITION II (NEGATIVE HIGH ANGIE OF ATTACK).

1. This condition represents the effects of encountering a downward gust

of 30 feet per second while flying at the speed VL"‘ The coefflicients to be
used are graphically illustrated om Fig. 12. The assumption of a zero chord
coefficient in certain cases is no¥% a requirement, but is permitted in order
to simplify the analysis.

,2133  CONDITION IIT (PCSITIVE LOW ANGIE OF ATTACK),

1, This condition represents an upward acceleration of the airplans at its
design gliding speed V,. The coafficients to be used are shown graphically
on Fige 14. 4s in Con%ition I, the applied load factor is considered %o be
produced by either & gust or a maneuver. As the speed V, is the sreed at
which the airplane will be flown least, and not at all in very turbulent air,
the gust load factor formula is based on a gust of 15 feet per second and

the arbitrary value of the limit acceleration required is less than that for
Condition I. This is further justified by the fact that for a conventicnal
2~spar wing, the value of the Iimit load factor affeets the rear spar load
much less than the values of speed and moment ceoefficient used and is therefore
relatively unimportant. For other types of winzs, the values of speed and
moment coefficient are again usually the more important with respect to
torsional loading, the meximum beaa loading being obtained from Condition I,

s =i
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CONDITION III, (POSITIVE LOW ANGLE OF ATTACK, MODIFIED),

l. This condition is included to provide for the use of aileroms
during e pull-up or gust, It should be noted that a relatively small
domvard aileron deflection is sufficient to change the moment
coefficient from a very small negative or from a positive valus *to
the value specified. The effect of the displaced ailerons on high-
moment airfoils is proportionately small and for that reason no
corrections are required for such airfoils, In general the condition
is critical only for ‘the rear spar and the rear 1ift truss. This
regquirement is not applied to Condition IV, as the down load on the
front spar is not as sensitive to changes in aileron position,

CONDITION IV (NEGATIVE LOW ANGLE OF ATTACK).

1, This condition, which is grephically illustrated on Fig. 14,
represents the effects of encountering a "down" gust of 15 feet
per second while flying at the design gliding speed, Ve.

CONDITION V (INVERTED FLIGHT).

1. An airfoil which has a negative moment coefficient always tends to
produce an up load on the rear spare. It will usually be found, therefore,
that none of the basic flying conditions produce any considerable down load
on the rear spar (or any considerable Mstalling" moment about the elastic
axis of a wing). A%t large negative angles of attack, however, the moment
coelficient about the asrodynamic center approaches zero and may even reverse
in sign. This means that the CP approaches or lies behind the aerodynamic
center. Condition V therefore represents such a condition, which is likely
to be developed only in inverted flight. The applied load factors represent
either a gust load factor, which may be produced while flying inverted, or a
pull-up load factor based on the corresponding value for Condition I. For
simpliecity the value of Cpy is assumed to be zero. Bee Fige 15 for illustra-
tion of this condition,

2. It should be noted that the meximum rearward position of the CP for

large negative angles of attack (above the negative stalling angle) approaches
40 per cent of the chord as & practical limite For highly maneuverable air-
planes, it would therefore be advisable to use this location of the CP in the
inverted flight condition, in order to obtain adequate strength in the rear
1lift bruss system.

3. In general, Condition V will not be critical for portions of the struct-
ure other than the rear spar, rear 1ift truss, and fuselage carry-through
members, When a single-1ift truss is used, 2 preliminary check should be
made for this condition.

CONDITION VI (GLIDING).

1, This condition which is illustrated graphically in Fig. 15, is equiva-
lent to the assumption that while flying at a speed Vg a small negative gust

« 20



«2140

04,2140
CIVIL AERONAUFICS MAWUAT 04.2150

changes the value of Cg %0 Cno.-« The increment of 0,01 is added to account
for surface roughness angd progu 8Iances.

2. When this condition is applied to biplenes having a single 1ift truss it
will usually be found that only the lower wing is critieal with respect to
rearward chord loadse.

*

GENERAL.

1. For internslly braced monoplane wings equipped with trailing edge flaps,
no stress analysis of the wing structure as a whole need be submitted for the
flaps corditions VII and VIII ( CAR 04,2141 and 04,2142), provided that the
average valus of Cﬁ used in design conditions III and IV ( CAR 04.2133 and
04.2134) equals or exceeds the quantity

2
ch x :Eg
Vg
where: C, is the average moment coefficient about the asrodynamic
center (or at zero 1ift) for the airfoil section with flap
completely extended. {(The average moment coefficient refers
to a weighted average over the span when Cy is variable. The
wing area affected should be used in weighting). '

Ve is the design speed with flaps extended, as specified in
CAR 04,211,

V, is the design speed used in conditions III and IV, as
specified in CAR 04,211,

TWhen the sbove condition is substantiated, no balancing computations for the
extended flap conditions need be submitted and these conditions can also be
eliminated from the design of the horizontal tail surfaces.

2., The foregoing interpretation appllies To normal installations in which the
flap is inboard of the ailerons, or in which & full span flap is used. For
other arrangements it will be necessary to submit additional computalions if
it is desired to prove that flap conditions are not eritical,.

3. In all cases an investigation is reguired of the local wing structure to
which the flap is attached, using the flap design leads as determined from
CAR 04,2141 and 04.2142. The strength of special wing ribs used with split
filaps, and the effect of flap control forces, should also be investigated.
Reference should be made to current NACA reports and notes for acceplbable

flap data.

« 2150 GENERAL

1. As an alternstive procedure Conditions Iys IIIy, and Ty

can be snalyzed by medifying cenditions I, III and V respectively

so that 100 percent of the airloed is assumed to act on one wing end
70 percent on the other, provided that the angular inertia of the
wings is neglected. TFor airplanes over 10,000 pounds standard weight
the latber factor may be increased linearly with stendard weight up
to 80 percent at 25,000 pounds. The effects of wing nacelles and
landing geer may, however, be considered in computing the sngular
inertia, 0u7
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2. TWhen ‘the procedure of paragraph 1 immediastely sbove is followed, the
approximate method of applying adjusitments directly to the wing resactions
mey be used if desired. This method obviates the necessity for an
additional determinstion of the beam load.

3. The vse of more rational loading conditions than those specified in
CAR 04,215 or in paragraph 1 sbove will be permitted if they are shomn
to be applicsble. Such loading conditions should be based on studies
giving consideration to unsymmetrical entries inte gusts, to pusts
affecting cne wing only, end to meneuvering with ailerons.

4, The unsymmetrical flying conditions epply particularly to cabane
braeing, which should be considered as part of the 1ift truss.

GUST AT REDUCED WEIGHT.

1. Tt should be noted that & decrease in airplane gross weight will increase
the gust load factor. This may cause critical loads to be developed in paris
of the structure supporting dead weight., This should be thoroughly investiga-
ted in the case of airplanes having & widely variable loading. In other cases
it can usually be demonstrated that the gust at reduced weight comdition is
eritical only for the forward portion of the fuselage, the engine mount, and
the attachments of items of dead welght.

2. Then engine nacelles or other large items of dead welght are attached
to the wing structure, they shovld be checked for the load factor due to

the combined linear and angular accelerations resulting from the loadings
of Condition Iy (CAR 04,2151) determined at the minimun design weight.

WING TAHNES EMPTY.

1. 7The specified weight reduction has particular application to cases in
which the maximum authorized weight is based on full pay load and a fuel
load of .15 gallons (.9 pounds) per certified maximum (except take-off
horsepowsr) in mccordance with CAR 04.740. Im all other cases the reduakion
in weight may equal the weight of fuel that can be carried simultaneously
with full pay load.

WING LOAD DISTRIBUTICN.

SPAN DISTRIBUTION.

-~

le The span distribution of normal force coefficient (Cy) in the case of
wings having less taper than that corresponding to a mean taper ratio of 0.5
and not having mercodynamic twist should be assumed to vary in accordance with
Figse. 16 and 17, which are assumed to represent two extreme cases of tip
loading, Each case should be investigated unless it is demonstrated that omly
one is critieal. The mean taper ratioc is defined as the ratio of the tip
chord (obtaired by extending the leading and trailing edges to the extreme
wing tip) to the root chord (cbtained by extending the leading and trailing
edges to the plane of symmetry). ‘
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ACTUAL SEMI-SPAN
FIG. 16 SPAN DISTRIBUTION = NO TIiP LOSS

N

STATION WHERE
CHORD = DISTANCE =
TO_EXTREME TIP. / TIP_LENGTH™,

FIG. I7 SPAN DISTRIBUTION ~ WITH TIP LOSS

—
05 Cy
i

REF. CAM 04.2i7-A

NOTE : ABOVE FIGURES APPLY
ONLY TO WINGS WITHOUT
AERODYNAMIC TWIST BUT
HAVING MEAN TAPER RATIOS
GREATER THAN 0.5

FIGS. 16 & I7. SPAN DISTRIBUTION
OF Cy FOR WINGS.
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2., In all other cases, the span distributionshould be determined by rational
methods unless it is shown thet a more severe distribution has been used.,
Acceptable methods of determining ratiomal span distributions are given in
the Army~Navy-Commerce publication ANC-1 (1), ™Spamwise Air Load Distribu-
tion" (obtainable from the Superintendent of Documents, Washington, D. C,,
at the nominal sum of 60 cents), in NACA Technical Report No, 585, and in
NACA Technical Note No. 608,

3. The effects of nacelles on the normal force coefficient may, in general,
be nmeglected, Their effects on chord loads are outlined in CAM 04, 217-C.

4, The eflsct of trailing edge cut~outs which remove less than 50 per cent
of the chord may be neglected when Figs., 16 and 17 are used.

5. When the normal force coefficient is mssumed to vary over the span, the
values usedshould be so adjusted as to give the same total normel force as
the design value of Cy acting uniformly over the span. (See CAM 04.217-D
for additional information).

6. When Figs. 16 and 17 are used the chord coeffiecient ghouldbe assumed to
be constant along the span, that is, itsghould be assumed that tip loss does
not affect the chord coefficient.

B CEORD DISTRIBUTION,

le The approximate method of chord loadings outlined in CAN 04,313 for the
testing of wing ribs is suitable for conventional two spar construction if

the rib forms a complete truss between the leading and trailing edges. A4n
"investigation of the actual chord loading should be made in the case of
stressed~skin wings if the longitudinal stiffeners are used to support direct
air loads. In some omses it is mnecessary to determine the actual distribution,
not only for total load but for each surface of the wing. If wind tunnel data
are not aveilable, the methods outlined in NACA Reports Nos. 383, 411 and 465
are suitable for this purpose. These methods consist in determining the "basie"
pressure distribution eurve at the "ideal" angle of attack and the "additional"
pressure distribubtion curve for the additiomal angle of attack, These curves
can be coordinsted with certsin values of Crs so that the final pressure dis~
tribution curve can be obtained immediately for any Cq. Curves of this nature
for several widely-used airfoils can be obtained directly from the NACA.

2« Leading Edge Loads. On high speed airplanes the leading edge loads
developed mey be excepbionally severe, particularly the "down" loads which

are produced by negative gusts when flying at the design gliding speed. The
magnitude of such loads can be estimated, without determining the entire chord
distribution, by the methoed outlined in NACA Report No. 413,

3+ Bffects of Auxiliary Devices. When a design speed higher than required is
used in commnectlion with wing flaps or other awxiliary high-1ift devices, it
will be necessary to determine the chord distribution over the entire airfoil.
The effect of any device which remains operative up to V, should be carefully
investigated. This applies particularly to auxiliary airfoils and fixed slots.

02=10



04,

CIVIL AERONAUTICS MANUAL

FlG. |8 - CONVENTION oF Axes,Forces anD MoMewnTS.
(Rew. CAM 07.217-D3)

NOTE.: THERE ARE NO FIGURES 19 £20 IN THIS
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¢ SPECIAL LOADIKGS.

1., Parssite Drag, The drag of large items attached to the wing cellule
(such as nacelles)_should be estimated and eonsidered in conjunction with the
conditions in which the addition of such a drag load may result in a critical
load in eny member(s).

2. Propeller Thrust. The propeller thrust from a nacelle may be neglected
in the detalled mnalysis of the wing structure, with the following exceptions:

a, Wihen the nacelle location is such as to produce large local loads
on the wing structure {nacelle above wing, ete.)

b. When, in multi-engired airplenes, nacelles are located at a consid-
ereble distance from the plane of symmetry, in which case the wing
attachment structure should be snalyzed for the case of full power
applied on one side only.

D DETERMINATION OF POINT OF APPLICATION OF THE RESULTANT AIR LOADS ON A
WING. | '

1. A genersl method is outlined in Army-Navy-Civil Publicatiorn ANC-1(3)*,
"Determination of the Points of Application of the Resultant Airloads on a
Wing", for determining the mean effective value of the normel force coef-

ficient, the average moment coefficient, location of the mean serodynamic

center and value of the mean serodynsmic chord. These factors are needed

in order to determine the balancing loads for various flight conditioms.

2. A simplified version of the method presented in ANC-1(3) is presented
by Teble II end is applicable to those cases where the span distribution
outlined in CAM 04.217-A1 is employed. In order that the procedure may be
entirely clear, the following instructions are presented:

a. In general, the sumation of all forces acting upon a wing
can be expressed as a single resultant force acting at a
certain point and a couple, or moment of air forces, about
this point,y If the point is so chosen that, at consftant
dynemic pressure, the moment of the air forces does not apprec~
iably change with a change in the angle of attack of the airfoil,
the point can be considered as the mean serodynamic center
of the wing. The resultant force can be resolved into the
normal end chord components and represented by the average
coefficients Cy and Cp, while the moment maey be represented
by the aversge moment ccefficient, Cy, muitiplied by =
distance which e¢an be considered to be the mean aerodynasmic
chord. The values of the above quantities and the location
of the mean serodynsmic center will depend on the plan form
of the wing and the type of spen distribution curve used.

“*To be published soon,

«2-12
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b. The choice of & reference axis system is an arbitrary
matter; any rectangular system of coordinates will be
satisfactory. However, for the present case, it has
been found convenient to choose a set of rectangular
exes fixed in the airpleane. The longitudinal or X-axis
may be teken parallel to the line of thrust, parallel
to the wing chord, perpendicular to the projection of
the plane of the wing beams on the plane of symmetry,
or any similar line in the plane of symmetry. The
normal or Z-axis lies in the plane of symmetry per-
pendicular to the X-axis. The lateral or Y-axis is
perpendicular to the plane of symmetry. The origin
may be taken at any point in the plane of symmetry,
preferably not too far from the wing. The resultant
single force can then be expressed by its components
in the XZ plane and the moment as a couple sbout the
Y-axis. Forces mhich sct up, aft, and btoward the
lef't wing tip are considered positive. Positive
noments act ecounter clockwise about their respective
axes when viewed from the origin. v .

c. An exrlanstion and clarification of the procedure to
be followed in filling out Table II is as follows:

(1) The semi-wing should be divided into a
convenient mumber of strips with a number
or letter assigned to each and listed in
column 1, '

(2) The distance from the plane of symmetry
to the centroid of the area of each strip
is listed in column 2.

(3) Column 3 contains the width of the strip. -

(4) The mesn chord of each strip is listed in
column 4.,

(5) The area of each strip is found in column 5
by multiplying column 3 by column 4, The
sum of this column should equal half the
wing area as indicated below the table,
This is & check on the correctness of the
strip areas and nothing more should be
done until govod agresment is obtained.

«2=13
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The date for column 6 is tgken from the assumed span
distribution curve, Figure 16 or 17, The factor
Ry represents the ratio of the sectuel Cy at any

- point to the value of Cy, at the root of the wing.

(7)

(8)

(9)
(10)

(11)
(22)

(13)

(14)
(15)

Column 7 contains the product of column 5 and 6.
The sum of this column when divided by the sum of
column 5 will give the value EKp, which is the
ratio of the mean effective Cy to the value of Cy,
{at the root).

Column 8 contains the product of columns 2 and 7.
The sum of this column when divided by the sum

of column 7 gives the laberal coordinate of the
centreid of the semi-~wing as indicated below the
table, :

In eolumn 9 is listed the distence of each section
aerodynamic center aft of the YZ plane,

Column 10 contains the product of column 7 and

9. The sum of this column when divided by the
sum of eolumn 7 gives the X-ccordinate of the
centroid as indicated below the table.

In colum 11 is listed the disteance of emch
section serodynemic center sbove the XY plane.
Column 12 contains the product of columns 7

and 11, The sum of this column when divided by
the sum of column 7 gives the Z-coordinate of

the centroid as indicated below the table,

Column 13 contains the product of columns 4

and 5, The sum of this column, when divided

by the sum of column 5, gives the length of

the mean aerodynemic chord. If a location is
wented for the mesn aerodynemic chord, it should
be drawn on the wing so that its sercdynsmic
center coincides with the centroid of 1ift
determined by meesns of the preceding columns.
Colurm 14 is a list of the section moment
coefficients.

Column 15 contains the product of columns 13

and 14, Por wings that have no twist, the

sun of this column when divided by column 13 gives
the average moment coefficient for the wing.

3. In the case of twisted wings m different span distribution
exists for each angle of attack. The location of the resultant
forces can, however, be determined as in 2 sbove for any known
span distribution.

w2=14 -
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Table II

(Ref. CAM 04-217-D)

Determination of Point of Application of Resultant Airloads on a Wing

1 2 3 5 6 7 8 9 10 11 12 13 14 15
Strip _ .
No.| ¥ Ay CAy Ry |RuCAY|YRbOAY | Xgo |XaoRbOAY| Zao | ZacRuCaY| C2a¥ | Oy, [ow, C%AY
Ref. (8)x{4) (6):(8) | (2)x(7) (9)=(7) 1) x(7) | @x(®) [14)=(13)
= — S —
y=__£8) - = __X(16) = Check: -
(7) £ (13)
- Wing Area = _2_ > (5) =
X= £ (10)= g o= Z(1) = B v v =(5)
F 4 Z(8)
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E RESULTANT FORCES ON BIPLANES.

l. The mean aerodynamic center location and the value of the mean aerodynamic
chord for each wing panel can be found as outlined in CaM 04.217-D. When wing
flaps or other auxiliary high 1ift devices are used the mean effective moment
coefficient for each wing panel should also be obtained. For a given flight
condition, the values of Cy for each wing can be determined from Table II. The
location of the mean merodynamic center of the biplane and the determination
of the resultant forces and moments can be accomplished as follows, referring
to Fig. 21:

a. The mean aerodynamic center of the biplane oellule lies on a straight
line connecting the mean serodynamic centers of the two wing panels.
The location on the line is determined from eguation (a), Fig, 21.

b. Assuming that the mean effective moment coefficient is the same for
each wing panel, the value of the mean aerodynamic chord for the bi~-
plane is determined from eguation {b), Fig. 2l.

6e If the mean effective moment coefficients for the two wing panels sre
different in value, the effective moment coefficient for the biplane
can be determined from equation (c¢), Fig. 21,

2. The mpan serodynemic center of a biplene, as determined above, is based on
the relative values of the normal forces acting on each wing. When the aver-
age normal force coefficient for the entire biplane is near zero, the relative
loading on the wings varies over a wide range and the mean serodynamic center,
if determined as outlined sbove, would in some cases lie entirely outside of
the wing cellule, For the same conditions, however, the chord force coeffici-
onts for the wings would be nearly equal, so that the resulbtant chord force
would not act at the same point as the resultant normal force. As the location
of the mean serodynamic center is of interest mainly in balancing and stadbility
computations, the following approximations and assumptions are permissible:

as A single location may be assumed for the mean serodynamic center for
all the balancing conditions,

b. When the investigation of two different span distributions is requlred,
the more nearly oonstant span distribution may be used in determining
the mean aerodynamic center and MAC.

ce The computations may be made for an average value of Oy = 0.5, unless
the biplane has an unusual amount of stagger or deoalage, or is other-
wise unconventional.

d. When the use of s single logation for the serodynamic center is not
sufficiently accurate, the computation of the mesn serodynamic center
for the entire biplane should be omitted and in balancing the airplane
each wing should be treated as a separate unit,

+218%  BALANCING LOADS.

A GENERAL.

* It will be noted that there is no .218 section in CAR 04, The subject
of balancing loads has, however, been ussigned this number in order to
provide better contimuity within the Manwual.
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@ Aerodynemio center of M.A.C.
® center of gravity of entire airplame.
® assumed C.P. of tail surface.

@ Center of propeller.

« = angle of attack, degrees (shown positive).”
/2 = gliding angle, degrees,

‘n = force/ (positive upward and rearward).

m = moment &V (positive clockwise as showm).
x = horizontal distance from D (positive rearward),

h = vertical distance from @) (positive upward),
All distances are expressed in terms of the M.A.C,

FIG, 22 BASIC FORCES IN FLIGHT CONDITIONS

(Ref. cAM 04,218-B)
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l. The basic design conditions must be converted into conditions represent-
ing the external loads applied to the airplane before a complete stress analy-
sis can be made. This process if commonly referred to as "balanecing" the
airplane and the final condition is referred to as a condition of Mequilibrium®.
Actually, the airplane is in equilibrium only in steady unaccelerated flight;
in accelerated conditions both linear and angular accelerations act to change
the velocity and attitude of the airplane. It is customary to represent a
dynamic condition, for stress analysis purposes, as a static condition by the
expedient of assigning %o each item of mass the increased force with which it
resists mcceleration. Thus if the total load acting on the alrplene in a
certain direction is "n" times the total weight of the airplane, each item of
mass in the airplane is assumed to act on the airplane structure in exactly
opposite direction and with a force equal to "n" times its weight.

2. If the net resultant moment of the air forces acting on the airplane is
not zero with respect to the center of gravity, an anguler acceleration
results. An exact analysis would require the computation of this angular
accelerabion and its applieation to each item of mass in the airplane. In
general, such an analysis is not necessary except in certain unsymmetrioesl
flight conditions. The usual expedient in the case of the symmetrical flight
conditions is to eliminate the effects of the unbalaneced couple by applying a
balancing load near the tail of the airplane in such a way that the moment of
the totel force about the centér of gravity is reduced to zero. This method
is particularly convenient, as the balancing tail load can then be thought of
e¢ither as an serodynsmic force from the tail surfaces or as a part of a couple
approximately representing the angular inertis forces of the masses of and in
the airplane. Considering a gust condition, it is probable that angular iner-
tia forces initially resist most of the unbalanced couple added by the gust,
while in a more or less steady pull-up condition the balancing tail load may
consist entirely of & balancing air load from the tall surfaces.

BATANCING THE AIRPLANE,
l, The following considerations are inveolved in balancing the alrplane:

a. Full “power on" is assumed for conditions at V; (Conditions I and II}),
but for conditions at V, (Conditions III and IV) the propeller thrust
is assumed to be zero,

b. It is assumed that the limit load factors specified for the basie
£light conditions are wing load factors. A solution is therefore made
for the net load factor acting on the whole airplane. The value so
determined can then be used in comnection with each item of weight
(or with each group of items) in analyzing the fuselage. For balanc-
ing purposes the net factor is assumed to act at the center of gravity
of ‘the mirplane,

6o Assuming that it is possible for a load to be acting in the opposite
direction on the elevator, it is recommended that the center of
pressure of the horizontal tail be placed &t 20 per cent of the mean
chord of the entire tail surface. This arbitrary loecation may also
be considered as the point of applieastion of inertia forces resulting
from angular aceeleration, thus simplifyying the balancing process.

de In Fige. 22 the external forces are assumed to be acting at four points
only. The assumption cen generally be made that the fuselage drag
acts at the cenber of gravity. When more accurate data are available,
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TABIE IIT
BALANCING COMPUTATIONRS

{Ses Fig. 22 for symbols)
(Ref. CAM 04.218-B3)

See (caM 04,218=Bl through B5

Yy, = mph V‘ = mph

¥o.| Toem T | u Iz w

(1) | W = gross weight, pounds

2) | q= 00256 ¥

(3)| e= Q) /S
1 j s=B/®
6) | ny = applied wing load factor
O a-®/0®
(7) Cp, corresponding to Cy
(8 | ¢

(9) nzl"x@

(10} mgy = Fpr/@

(11)] ¢ _ = design mwment co-
efficient

(2)] m-@ =@

'(15) ns = tail load factor

{(14){ ng = =(®) - @ = net load

faotor

(15) oy, = - - - choréd

pad faoctor

(16) T-I » tail
| ©:9 -

CAM 04.21B-B6

See

j(z2) T = @ + @

(17% Cpt = moment coefficient of
sirplane less tall

) 1= @ - ©

(9] am = @ x @

(20) Ang = @ / (x5 - xp)

(21 27- @ x €9
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the resultant fuselage drag force can of course be computed and
applied at the proper point. In cases where large independent items
having considerable drag {such as nacelles) are present, it is advis-
able to extend the set-up shown in Fig. 22 to include the additional
2, As showmn in Pig., 22, e cornvenient reference axis is the basic chord.line
of the mean aserodynamic wing chord. (The.basic chord line is usually specified
along with the dimensions of the airfoil section,) The determination of the size
and leeation of the MAC is outlined in CAM 04.217-D., In determing the vertical
location of the aerodynemic center of the MAC (point 1 of Fig. 22) the vertical
position of the MAC in relation to the wing root chord, or other similar refer-
ence line, should be considered.
3. A tabular form will simplify the computations required to obtain the
baleneing loads for various flight conditions., A typieal form for this
purpose is showa in Table III. In using Fige. 22 and Table IIT the following
assumptions and conventions should be employed:

8. If known distances or forces are opposite in direction from those
shown in Fig, 22, a negative sign should be prefixed before insert-
ing in the computations. For instance, in the case of a high-wing
monoplane, hy will have a negative sign. Likewise HX4 will be either

negative or zero in all cases, The direction of unknown forces will
be indicated by the sign of the value obtained from the equations,
A negative valus of nz will usually be determined from the balancing
process, indicating a down load on the tail. For conditions of
positive acceleration the solution should give a negative value for
noy as the inertis load will be acting downward. The convention for
m; corresponds to that used for moment coefficlents; that is, when
the value of Cy is negative my should also be negative, indicating a
diving moment,

b, All distances should be divided by the MAC before being used in the
computations,

c. Thepropeller thrust should be assumed to act along the thrust
axlis,

d. The chord load acting at the tail surfaces may be neglected.

4, Compubation of Balancing Loads. In Table IIT the computation of balanc-
ing loads is indicated for typical flight conditions. The equations are
based on the fact that the use of the average force coefficients in connse~
tion with the design wing area, mean serodynamic chord, and mean asrodynamic
center will give resultant forces and moments of the proper magnitude,
direction and location. Provision is made in the table for cbtaining the
balancing loads for different gross weights. The table may be expanded to
inolude computations for several loading conditions, specisl flight conditions,
or conditions involving the use of auxiliary devices. It should be noted that
a change in the location of the CG will require a corresponding change in the
values of x3 and hy on Fig. 22,

a, When the full-load center of gravity position is varisble the air-
plane should be balanced for both extreme positions unless it is
apparent that only one is eritieal. In certain cases it may also
be necessary to check the balancing tail loads required for the
loading conditions which produce the most forward and most rearward
center of gravity positions for whieh approval is desired.

o o9
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5. The following explanatory notes refer by mumber to items appearing in
Table III;

(3) The wing loading, s, should be based on the design wing area.

(5) njp = limit load factor required for the condition being investi-
gated, (See CAR 04 21).

(8) Determine Cc as specified in (AR 04.21. BSee also eq. 8,
caM O401~Cs

(10) Propeller thrust, F,., should be determined from Eq. 15,

CAN 0O4. 1-C for congitions at Vis ‘For conditions at Vg assume
Oxy = 0.

(11) The value of €' is specified in (AR 04.21. For a biplane see
CAM 04.217-R of this bulletin. See also CAM 04.217-D in cases
involving wing flaps.

(13) The net tail load factor, ng, is found by & summation of moments
sbout point (2) of Fige 22, from which the following equation is
cbtained:

—_ 1 '
Rz = m - ho + ny x5 + by - h .}
3 -(—x-:s—__—x—z-r— [ 1 nxl 2 1 %2 nx4 ( 4 2)
Note: The above explanatory notes apply only when the set~up shown in
Fige 22 is used. If a different distribution of external loads
or & different system of measuring distances is employed, %the
computations should be correspondingly modified.
6., The preceding paragraphs 1-5 end 1tems 1-16 in Table III cover the

determination of the balsncing loads, without consideration for the moment
which may be contributed by the fuselage and nacelles. The following
explanatory notes refer by number to items appearing in Table III which
provide for the determination of tail lomds with consideration for fuselage °
moment effects, as required by CAR 04.2210.

(17) Cpt is the total moment coefficient gbout the c.g. of the airplane

(18)

less tall, as determined from a wind tunnel test. TWhen such test
results are not availeble this item can be omitted, as other pro-
visions to cover cases of this type are given in item (18) following.
It will be noted that this coefficient is based on the design wing
area and the mean aerodynemic chord.

ACp is the increment in moment coefficlent due to the fuselage and
nacelle moments, also based on design wing area and mean serodynemic
chord. When data on item (17) is not available, ACp can be assumed
equal to -0.0l.

(22) T is the teil load considering Puselage and nacelle moment effects.
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CONTROL SURFACE LOADS.
GENERAL.

1. The requirements for the design of control surfaces as outlined in

CAR 04.22 are based on the two separate functions of comtrol surfaces:
balancing and meneuvering. The requirements are specified so as to account
also for the effects of auxiliary control devices, gust loeds, and control
forces.

2+ The average unit loading normal to any surface is determined by the force
coefficient Oy and the dynemic pressure g, ss shown by Bq. 13, CAlM 04, 1-C,
When dealing with tail surfaces, it is customary to specify the value of Cy
for the entire surface, including both the fixed and moveble surfaces. The
total load so obtained is then distributed so as to simulate the conditions
which exist in flight. In the casse of ailerons, flaps or tsbs, the wvalue of
Cy is usually determined only for the particuler surface, without reference
to the surface to which it is sttached.

3.+ The average unit lomding is usually sssumed to bs constant over the span.
On account of the nature of the chord distribution curven spevified in £AR
Figse 04=4, 04~5 and 04-6, it will be simpler to sssume that the wnit loading
at the hinge line is constent over the span

4. Although there are no specific chord loading conditions for control
surfeaces specified in CAR 04.22, such surfeces should be designed to with~
stend & reasonable emount of chord load in either direction. A total chord
load equal to 20 percent of the meximum normsl losd masy be used as & separate
deslgn condition. The distribution along the span may be made proportional
to the chord, if desired. Tests for this condition are not required unless
the structure is such as to indicate the advisability.of such tests.

BAIANCING (HORIZONTAL SURFACES).

1. The belancing loads should be applied to the horizontal tail surfaces,

as the ailerons and the vertical tail surfaces ere used only to & small extent
for balancing purposes. The use of the verticel tall surfaces for balancing

a multi-engined airplene having one engine desd is provided for in CAR 04.2220.

2. An acceptable method for mccounting for fuselage end nacelle moments in
the determination of the belemcing tail loads is given in CAM 04.218-B6 and
CAM 04 Taeble III. When wind tunnel tests heve been used in this process

the tail loads T! in item 22 of this table may be used for design purposes.
When, however, the -0.01 moment increment has been used in lieu of wind tummel
tests to account for fuselage and nacolle moments, the balancing loads to be
used for design purposes should be taken as either item 16 or item 22 in

CAM 04 Teble III, whichever are most severe. This is to allow for e possible
range of fuselage and nacelle moment coefficients. _
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3. The chord distribution illustrated in CAR Fig. 04-4 is intended
to simulate a relatively high angle of attack condition for the
gtabilizer, in which very high unit loeadings can be cbtained near
the leading edge. The opposite loeding required for the slevator
in the balesucing condition provides for the control far ce which
the pilot might need to exert to hold the airplane in egquilibrium.

4. In CAR Fig. O4-4, the loed from the elevator is shown as a
concentrated load acting at the elevator hinge line. The hinge
moment is, of course, resisted by the control system end there-
fore does not affect the stabilizer. It will be noted in CAR
04,.2210(b) that the opposite elevator load, P, may be assumed
oquel to zero when the balencing load is obtained with flaps

_ deflected (Conditions VII snd VIII). This is based on the im-

probability of the pilots having to push on the elevator combtrol
in order to obtain balance with fleps down.

MANEUVERING (HORIZONTAL SURFACES)

1, The requirements for maneuvering loads outlined im CAR 04 are intended

meinly to place the determination of such loads on & speed - foree coefficient
basis, to specify values which ugree substantially with previous practice, and
to provide for the effevts of incremsingly greater airplane speeds. It should
be understood that the methed is designed for application to conventional air-
planes and that in determining the maneuvering loads the designer should con=

‘sider the type of service for which the airplane is to be used.

2. The design values of Cy specified in CAR 04 represent coefficients which
can be attained by deflecting the control surfaces, the highest value represent-
ing the largest deflection of the movable surface expected at the design speed.
Lower values sre used for up loads on the horizental tail surfaces end for the
vertical tail surfaces, as the corresponding control forces are expected to be
less in these cases. The numerical values of the coefficients are coordinated
with the value of the factor in the equation for design spesd and do not
represent the maximum coefficients which can be obtained with conventionsal
control surfaces. Higher values may be desirable in certain cmsses, depending
on the purpose of the airplane, '

3., Ths chord distribubion shown in CAR  Fige. 04-5 represents approximately
the type of loading obtained with the movable surface deflected, TFor tail
surfaces, this type of loading is critical for the movable surface and for
the rear portion of the fixed surface.
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Fd, +Fd. F_ = CONTROL SYSTEM FORCE
Fy=TOTAL TAB LOAD
Fe=TOTAL ELEVATOR LOAD

PIG.23  TAB LOADING CONDITION
(Ref. CAM 04,.2213)

LODR
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DAMPING (HORIZONTAL SURFACES)

1. When 2 control surface is deflected suddenly the full maneuvering load
tends to build wp immediately, after which the airplane begins to acquire
an sngular veloolty. This angular motion causes the direction of the rela-~
tive air stream over the fixed surface to change, which causes the air load
on this surface to build up in a direction such as Yo oppose the angular
rotation of the alrplane. This load is concentrated near the leading edge
af the fixed surface and is commonly referred to as the demping lomd. It
is provided for in CAR 04 &s a supplementary condition based on the initial
mansuvering condition. The damping load is closely related in magnitude to
the initial maneuvering loed whigh produces it, so that it is convenient to
use the latbter loading condition to determine the damping load on the fixed
surface. To avoid the necessity for a separate analysis for damping loads,
the distribution is made the same as for the balancing loads. In the case
of the horizontal surfaces, the damping load therefore acts as a minimum
linmit for the design of the fixed surface and need not be investigated when
the balaneing load is oritical.

TAB EFFECTS (HORIZONTAL SURFACES).

le The loading condition specified in CAR 04.2213 1s dlagrsmmatically
illustrated in Fig. 23. This condition represents the case of the tab losd—.
and the control foree both acting so as to resist the hinge moment due to t
air load on the movable surface. For convenience, the distances and moments
can be computed for the neutral position of the movable surface and tab.
Actually, the tab load will tend to decrease slightly when the movable surf-
ace is deflected, bub this effect, being small and difficult to determine
rationally, can be neglected.

MANEUVERING (VERTICAL SURFACES).

l. The comments in cpM 04.2211 in regard to horizontal surfaces alsoc apply,
in general, to the vertical surfaces.

2. It is specified that the value of V. shall not be lsss than the level
£1light speed with one engine dead. This is based on the assumption that the
unbalanced yawing moment present in such a condition will be balanced by the
vortical tail surfaces. In some cases it may be advisable to increase the
value of the normal force coefficient to account for features such as engines
which are relatively far from the plane of symmetry. In estimeting the speed
with one engine dead the following approximate equation may be used:

1/3

VP = 0,9 VL [_1_1%_]

Where Vp = speed with one engine dead.

Vi normal high speed.

"

n = totgl number of engines.
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DAMPING (VERTICAL SURFACES).

1. The comments of CAM 04.2212 in regard to horizontal surfaces also apply,
in general, to the vertinsl surfaces. '

GUSTS (VERTICAL SURFACES)
1. The following points should be noted in comnection with this requirement:

a, This gust condition applies only to that portion of the vertical
surface which has a well defined leading edge. The total effective
area for this condition is therefore the sum of the fin and rudder
areas which lie behind such leading edge. In cases where the fin
fairs gradually into the fuselage the leading edge is considered to
be well defined for those longitudinal sections through the fin and
rudder which have thickness~chord ratios of .20 or less. For the
purposes of this requirement the "fin" is considered to inelude any
rudder balance area ahead of the extended trailing edge of the fin,

b, The chord distribution specified in CAR Fig. 04-6 is applicable to
those cases in which the mean chords of the effective fin and rudder
areas are of approximately the same magnitudes. When this figure is
used it should be noted that w refers to the average limit pressure
over the total effective area of the vertical surface. The total
load acting is therefore equal to w times the total effective area,
This load is, however, spplied to the fin only, in acoordance with
the speoifisd distribdbution,

co When the mean chords of the effective fin and rudder areas are of
considerably different magnitude, the chord distribution for a
symmetrieal airfoil should be used. This distribution can be ocbtain-
ed from the curve marked "experimental mean" of Fige. 11, NACA
Technical Report No. 353.

WING FLAPS,

1. In the design of wing flaps, the oritical loading is usually obtained
when the flap is completely extended. The requirements outlined in CAR 04
apply only when the flaps are not used at speeds above & certain predeter-
mined design speed., As noted in CAR 04.743, a placard is required to
inform the pilot of the speed which should not be exceeded with flaps extend=-
ed., Reference should be made to current NACA Reports and Notes for acceptable
£lup data.

GENERAL.

1. In all cases the 1imit loads’ for control systems are specified as 125
per cent of the metual loads corresponding to the control surface limit
loading, with ¢ertain meximum and minimum control foree limits., The factor
of 1.25 is used to account for various features, such as:

8, Differences betwesen the astual and the assumed control surface load
distribution.

be. Desirability of extrs strength in the control system to reduce
deflections.

c. Reduction in strength due to wear, play in joints, etc,.
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2, The maximum control foree limits are based on the greatest probable

forces which will be exerted by the pilot. These forces can be exceeded

under severs conditions, but the probability of this occurrence is very low.

The ultimate factor of safety of 1.5, which is required in any case, will

permit the maximum limit load to be exceeded for a relatively short time withm
out serious consequences., )

3¢ The minimum control force limits apply only to cases in which the econfrol
surface limit loads are relatively small, The minimum control forces may be
applied when the control surfaces are completely utilized and are against the

stops.

4, The requirement of the multiplying factor of safety of 1.20 for fittings
does not apply in the case of control systems, as the factor of 1.25 provides

a sufficient margin and conservative rules are specified for determining allow=-
able bearing stresses in joints. When the control system is designed by either
the maximum or minimum control foreces it is also unnecessary to use the extra
factor of safety for fittings.

»234 FLAP AND TAR CONTROL SYSTEMS.

1. It should be noted that the flap position which is most critieal for the
flap proper may not also be eritical for the flap control mechanism and
supporting structure. In doubtful cases the flep hinge moment can be plotted
as a function of flap angle for various angles of attack within the design
range. The necessary characteristic cwrves should be obtained from reliable

wind tumnel tests.

2., The following design condivions apply to crank snd twist type controls
for airplenes certificated in the "Transport" category:

2. From the cockpit control to the control system stops, teb control
systems should be designed to withstand the following limit loads:

(1) A torque of 133 inch-pounds applied to the control kmob in
the case of twist controls,

{2) A torgue given by the relation T = 100 R applied to the con-
trol wheel or crank in the case of controls that are not
operated by a twisting motion. In this cetegory will faell
creanks, levers, and handwheels with a well-defined rim which
can be grasped for turning.

b, From the control system stops to the tab, tab control systems
should be designed to withstand limit loads corresponding to

125 percent of the limit load used for the design of the tab.

In the case of multiple tabs or multiple surfaces each incorporat-

ing a teb, 125 percent of the limit load should be applied to all

tebs simultensously.
¢. Care should be taken to secure a rugged counnection between the tab
end the irreversible unit.
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«240 GENERALe

1. Tail Wheel Type Gear. The basic landing conditions outlined in CAR 04.24
for conventional land type pear are tebulated in Fig. 24. This chart can be
used as & swmary of the load factors for the landing conditions by inserting
the setual velues used.

2. Nose Wheel Type Gear. The following design conditions have been found
acceptable in certain cases of nose wheel gear. It is emphasized, however,
that all unusual features of a particular design should be investigated to
insure that all possible eritical loadings have been cunsidered. 8See also

CAM 04 .340 for a discussion of energy sbsorption tesis.

. Three-Wheel Landing with Vertieal Reactions. The minimum 1imit load
is specified in CAR 04 Fig. 04-10. The value of the sum of the
static ground reactions shall be the weight of the alrplane less land-
ing gear., The total load shall be divided between the front and rear
gear in irnverse proportion to the distances, measured parallel to the
ground line, from the CG of the airplane less landing gear to the
pointa of contact with the ground., The load on the rear gear shall
be divided equelly between wheels. Loads shall be assumed to be
perpendicular to¢ the ground line in the three-wheel landing attitude,
with all shock absorbing units and tires deflected to one-half their
total travel unless it is apparent that s more ecritiecal mrrangement
could exist, The eritical positions of the CG shall be investigated.
The minimm ultimete factor of safety shall be 1,5.

be Three-Wheel Landing with Inclined Remetions., The minimum 1imit load
faetor is specified in CAR 04 Pig, 04~10, The resultant of the
ground reactions shall be a force lying in the plane of symmetry and
passing through the CG of the airplsne less landing gear. The basic
value of the vertical component of the resultant force shall be equal
to the weight of the ajrplane less landing gear, The horizontal com=-
ponent shall be 25 per cent of the vertical, acting aft., The total
foree shall be so divided between the front and rear gear that the
resultant moment acting on the airplane will be zero., The load on the
rear gear shell be divided equally between wheals. The shock absorb-
ers and tires shall be deflected to the same degree as in condition a
aboves, The critical positions of the CG shall be investigated. The

. minimum ultimate factor of safetv shall be l.5.

c. Two-fheel lLanding with Vertical-Reactions - Nose Up, The minimum Itmit
load factor is specified in CAR 04 Fig, 04-10. The airplane shall be
assumed to be in an extreme nose-up attitude. The gross weight of the
airplane less the rear gear shall be assumed to act at the rear wheels
in a direction perpendicular to the ground lire. The total load shall
be divided equally between the two rear wheels. Ths resultant mament
on the airplane shall be balanced by inertis forees. The shock absorbers
and tires shall be deflected to the same degree 4s in condition a above.
The minimum ultimete factor of sefety shall be L.5. '
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LANDFLANE LANDING CONDITIONS

FOR TAIL WHEEL TYPE GEAR (SEE: CAR 04,24)

(ONDITION LEVEL SrOINT gz ) | oesme, wone') | srake
REFERENCE CAR 04, o241 o242 o243 o244 o245
o (B) 2,80 + 9000 __(8)
LOAD (F#GTg{‘} a " T ¥ + 4000 Seme as Level 0867 «5 lével 1.33
3400 + 0,133(W/B)
ATTITUDE Fropeller Axig B=Point Bepoint (%) Propellar Axls 3=pPoint (4)
' Horizontal | Horigontel
VERTICAL COMPONENT YR (8) i (5)X7) w (&) a (5) iR (5)
REARWARD COMPONENT Resultant (8) Zers 456 1 Resultant!’)® | 55 vertical
: Thru GG ‘ Thry
G (8ide View)
SIDE COMPONENT Zero Zéro - 1 Trward) Zero Zero
SHOCK STRUT DEFLECTION| 60% Trave1(9) 50% Twavel (9) | Statle Position BO% Trevel B5O% Treavel
'TIRE DEFLECTION 50% 0% 26% 50% 26%

(1) Ccmponents act on

one whoel only.

{2) Heed not exdeed 4.33.

(4) Roeadtion at tail squals zéro.

(
{
{3) Uae smaller value.See also Note (2) above. (

about (G equals zero.
FNeed not exceed 25% vertiocal oomponent.
Tnless apparent more oritical conditions exists.

} W is gross weight less wheels and ohassis.

) W is gross weight.

} Distributed to wheels and skld so that moments
)

)
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de Two-Whedl landing with Inclined Reactions - Nose up. The minimum 1imit
load factor is specified in CAR 04 Fig. 04-10., The sirplane shall be
assumed to be in an extreme nose-up sttitude. The resultant force shall
be determined in the same manner as in condition b above except that
the gross weight of the airplane less the rear gear shall be used. The
total load shall be divided equally between the two rear whesels. The
resultant moment on the airplane shell be balanced by inertia forces.
The shock absorbers and tires shall be deflected to the same degree as
in condition s sbove. The minimum uwltimete factor of safety shall be
1.5.

e. Two-Wheel lLanding with Inclined Resctions -~ Nose downe The minimum
limit load factor is specified in CAR 04 Fig, 04-10., The airplane
shall be assumed to be in a nose~down attitude with the front wheel
just off the ground. The resultant force shall be determined in the
same manner &s in condition b above except tuat the weight of the air- -
plane less the rear gear shall be used. The total load shall be
divided equally between the two rear wheels. The resultant moment on
the airplane shall be balanced by inertia forces. The shock sbsorb=-
ers and tires shall be deflected to the same degree mz in condition a
sbove. The eritical position of the CG shall be investigated. The
minimum ultimate factor of safety shall be 1l.5.

fo. Two-Wheel Ianding with Brakes =~ Nose down. The minimum limit load
factor shall be 1.,33. The airplane shall be assumed to be in a nose-
down attitude with the front wheel just off the ground. The gross
weight of the airplane less the rear gear shall be assumed to act at
the rear wheels in a direction psrpendicular to the ground line. In
addition, a horizontal aft component equal to .55 times the vertieal
shall be applied at each wheel at the points of contact with the
grounde The Gotal loamd shall be divided equally between the two
rear wheels, The resultant moment on the airplane shall be balanced

by inertis forces. The tires shall be assumed to have deflected not
more then one-quarter the nominel diameter of their cross-section,
and the deflection of the shock absorbers shall be the same as in
condition a above. The minimum ultimate factor of safety shall be 1.5,
g Sifle Drift Landing, The minimum limit lomd faoctor is specified in
CAR 04 Fige. 04-10. The attitude of the airplane, the vertical comp-
onents of the landing gear reactions, and the deflections of the
shock absorbers and tires shall be the same as in condition a above.
In addition, a horizontal aft component snd a side component, each
equal to .25 times the vertical component, shall be applied at each
wheel at the points of contact with the ground. The resultant moment
on the airplane shall be balanced by inertia forces. The minimum
ultimate factor of safety shall be 1.5.
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h. Side Drift landing with Brakesg. The minimum limit load feetor shall be
1,0. The attitude of the airplane, the static ground reactions on the
front and rear gear, and the deflections of the shock absorbers and
tires shall be the same as in condition a above. The total load on
the rear gear shall, however, be applied entirely on one wheel., In
addition, a side component equal to .75 times the vertical component
shall be applied at each wheel at the points of contact with the
ground. The side load at the rear wheel shall be assumed to act in~
ward and the side load at the nose whesl shall be assumed to sct in
the same direction. A horizontal aft component equal to .55 times the
vertical component shall be applied at the point of contaet with the
ground of each wheel equipped with brakes. (It should be noted that one
rear wheel is not loaded)s. The resultant moment on the airplane shall
be balanced by inertia forces. The minimm ultimete factor of safety
shall be 1l.5.

i. One-Wheel landing. An investigation of the fuselage structure is
required for a one-wheel landing in which only those loads cobtained on
one side of the fuselage in condition e above are applied. The result-
ing 1imit load factor is therefore one-half of the minimum limit load
factor specified in CAR 04 Pig. 04-10, (This condition is identical
with condition ¢ above insofar as the landing gear structure is concern~
8d)s The minimum ultimate factor of safeby shall be 1.5,

3. Ski Geer. As noted in CAR 04.2410 the ground loads for ski geer
ere the ssme as for wheel geer. However, the strength of skis and
ski pedestals must be substentisted inaccordance with the require-
ments of CAR 15.12. See also CAM 15,.,12. Approval of ski instal-
letions is covered in CAM 04,061l: The Cenadisn ski gear reguirements,
which are of interest teo manufacturers contemplating export to

Canada, are listed in Imspection Handbook, Chapter XII.

4, Special Considerations. When lower 1limit and ultimate load fmctors are
used under the provisions of (ap 04.240, adequate provision should be made
to likewise hold the texiing sccelerations to lower values. Consideration
should also be givem to the fact that with such geer there is a tendency to
meke landings with & higher rate of descent than is common with gear develop-
ing higher factors., When lower factors are used in the case of rubber shock
sbsorbers, special rulings should be obtained from the Sscretary. When lower
factors are used with cleo type gear the following practise hes been foungd
acceptablea
a. Such lower design load factors should mever be less than one
half the conventional values. '

b. A margin between the design load factor and the.load f?ctor
developed in the drop test should be shown. This margin
should be at lesst 20 per cent (of the design load facter)
at the one half velue noted in a above, and may decrease
linearly to zerc as the conventional design load factors are

reached.

The use of such lower ultimate load factors should be justified
by drop tests in which the complete landing gear is uped.
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The provisions of a and b above can be expressed by the formulss given
below., The maximum permissible developed load factor is

- 2n0 n
e Ty |
3no-n

n

and the minimun required ultimate load factor for use in the analyses is
= Shg nj
T e——pii
2nginy

but n should not be less than O.Enog where

n, = ultimate load factor (Value fram CAR
Figc 04:—10 tinlﬁs 105),

n = minimum required ulfimate load factor
for use in the analysis,

n, = maximum permissible loed factor developed
in the drop test.

ENERGY ABSORPTION.

1. The definition of stalling speed V, used in drop height caleulations is
given in (AR 04.113. If accurate flight test data for the airplane in
question, or for & very similar airplane, are available, such data may be used
as a basis for caleulating the power-off stalling speed. However, the deter-
mination of speeds in the flight tests used in this connection should not
involve an extensive extrapolation of the airspeed calibration. See also

CAM 04,340,

ENERGY ABSORPTION.
1, See CAM 04,340 for general discussion.
SIDE LOAD.

1. This condition represents a loading such as would be obtained in a ground
loope.

ONE WHEEL LANDING.

1. This condition represents the "whipping" condition obtained in either of

" the two following cases:

8. The airplane strikes the ground with one wheel only. The initial
loading is such as to produce a relatively high angular acceleration,
which is resisted by the anguler inertia of the airplane about its
longitudinal exis through the center of gravity.

b. After striking the ground on one wheel, or after a landing with
considerable side load, the airplane has acquired an angular veloeity
sbout its longitudinal axis and tends to roll over on one wheel., 3By
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the time the opposite wheel is clear of the ground, any apprecisble
side load will probably have disappeared, so that the one-wheel land-
ing econdition can be used again without modification. Any tendency
to continue rolling after the losd has been transferred entirely to
one wheel will not be likely to increase the load on that wheel, as
the kinetic énergy of rotation will be converted inte potentisl energy
by the rise of the center of gravity.

2+ This condition does not require an additional investigation of the landing
gear structure as the loads are the same as in level landing.

SIDE LOADS ON TAIL WHEEL OR SKID.

l. It is reqguired that suitable assumptions shall be made to cuver side leoads
acting on tail skids or teil wheels which are not free %o swivel or whith carn
be locked or steered by the pilot. In sucn ceses it will be satisfactory to
consider a side load acting alone and having a limit value equal to one-
fourth the limit load scting on the tail skid (or wheel) in the three point
landing condition ( CAR 04.242). This side load should act normal to the
plane of symmetry at the center of contact of the skid (or wheel) and the
ground, The attitude of the airplane and the defleotions of the tire and
shock absorber unit should be assumed the same as in the three point landing
condition, The minimumm ultimate factor of safety should be l.5.

2. It is also recormsnded that this side load condition be applied to swivel- -
ing tail wheel units with the modification that the wheel is assumed %o be
rotated 90 degrees from the plane of symmetry and the side load to be applied
through the center of the axle,

GENERAL.

1, The basic water landing conditions are tabulated in Fige. 25. This chart
can be used as a sunmary of the load factors for the landing conditions by
inserting the actual values used.

2, The landirig copnditions outlined for float seaplanes correspond, in genepal,
to the conditions used for lendplsnes. These conditions apply to conventiomal
float ingtallations and in sueh eases will provide a suffieient range of load-
ings. When unconventionel types of float bracing are employed it may be advis-
able to investigate other landing attitudes, depending on the type of loading
which appears %o be most critieal for the structure,

3. In certain lending conditions e higher value of the minimum factor of
safety is required for some partions of the structure. This is primerily

for the purpose of obtaining greater rigidity amd to provide for possible
variations in the loed distribution. In general whenever the totel factor
of safety is 1.80 or greater, no further incresse is required for fittings.
(Ses CAR 04 Teble 04-7)., It mey be advisable, however, to use an increased
factor for fittings which are highly stressed or subjected to reversal of
loading, in order to provide for the effecte of stress concentration, fatigue,
end wear at Jolnts.

P
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SEAPLANE LANDING CONDITIONS

See CAR 04.25
COMPONENT Froan(l)
CONDITION Inolined Vertiocsl gide
Reaction Reaction Landing
REFERENCE CAR 04 o251 o252 «253
n (Limit) 4.20(2) 435 (@) 440
VERTICAL REACTION w (3 w3 o 3
REARWARD REACTION 1/4 Vertical 0 0
SIDE REACTION 0 0 1/4 Vertioal

RESULTANT

Through CG Less Floats

In plane through

snd Braoing CG and perpendicular
to propeller exls
FACTOR OF SAFETY 1.85 (&) 1460
1,50 (6)

ATTITUDE

Propeller axis or reference line hordzontal

For flost requiremsnts see CAR 04,257 and CAR 15.11

Nood not excesd 3400 + L135(W/5).
¥ is gross weight less floats end bracing.

For flosat sbtechmernts end fuseblege carry~thru members.

For remaining structural members.

02=35

FIG, 25 - SEAPLANE LANDING CONDITTIONS
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«2540 TLOCAL BOTTOM PRESSURES

2541

1. Since it is assumed that local pressures are applied only
over & limited sres at any instent, it is necessary to set up
some value for such an area. Any solution to this problem will
necegsarily be an srbitrary one, therefore, it is desireble to
consider the practical side of the pleture. If the designer is
held strietly to a certain shepe end size of loaded sres, it
might complicate the structural analysis problem. To aveid this,
a more flexible requirement is set up to the effect that the ares
shall be teken such as to cause the greatest local stresses in
the adjacent structure. In no case need this ares exceed a
value of 2,0 square feet.

2+ To illustrate the above, if a conventional plate~stringer
bottom is used, the area could be teken as that determined by
the stringer and frame spacing. This would be criticel for the
plate. To check the stringer and the attachment of the stringer
to the frame, snd to produce & maximum local load on the frams,
the pressure would be applied to one stringer over =n area of the
ssme value, assuming the resulting load to be resisted entlrely
&% the stringer sbteachment.

%o There have been several failures in actual practice of
verious hull components due te negative pressures aft of the
front step. However, since data concerning negative pressures
are so limited, it is not deemed advisable to specify any
deslgn criteria for this condition.

DISTRIBUTED BOTTOM PRESSURES

1. Although the bottom plabting eand stringers will be designed
by local pressure, major members such as cross-fremes and the
keeol will be critical when larger =reas sre loaded. Water
tests indicate that aversge pressures over relatively large
arsas are considerably less than the "pesk™ local pressures.
The requirement for distributed pressure consists of applying
similgenecusly over the entire hull bottom one~helf of the
pressure values required for local pressures.

2. The distributed pressure requirements are not intended to
design the shell structure of the hull (sides in shear, etc.)
but epply to belt frames, keels, bulkheads, and the attachment
of the cross fremes to the sides of the hull structure.

Sa. BSee CAM O4 0254:0"5 .
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«254% OSTEP LOADIKG CONDITION

1. The local and distributed pressure requirements are intended
to take care of the il bottom as such, and therefore it is

not too important to correlate the maximum impact factor with
bottom pressure, This is further justified by the fact that the
maximum impact factor does not occur until a considerable portion
of the bottom has been submerged, at which time the boitom pres-
sures have dropped considerably below the maximum values likely
to be obtained locally.

2+ The step loading condition is critical for the lwll in shear
and bending, and also may produce maximum dowrward inertia loads
from nacelles, etce The calculations can be considerably simpli-
fied if the resultant load is assumed to pass vertically through
the center of gravity., Although the load may act at some point

' other than the c.g. and may actually be inclined rearward, these
refinements will have very little effect on the shears and bend-
ing moments in the hull structure and may therefore be neglected,
In order to provide adequate strength against forward inertia
loads coming from wings, nacelles, etc,, a rearward acting load
i8 included in the bow loading condition.

3. To avoid excessive Jocal shear loads and bending moments
near the point of water load application, the water load may be
distrituted over the il bottom. The area to be uzed in deter-
mining pressures {for comparison with those specified in CAR
04.2541{2)) should be the projected arsa of the mll bottom on
a horizontal plane which intersects the bottom of the keel at
the front step.

«2543 BOW LOADING CONDITION

1, The most severs upward shear loads and bending moments for

the forward portion of the mll structure are probably caused by

an impact load near the bow. Such a loading condition is likely

to be obtained in landing or in take-off from rough water, 4
simplified procedure to cover this condition is discussed below.
More rational methods may, of course, be used, subject to acceptance
by the pdministrator,

2. Considering the arbitrary nature of the lmll loading condi-
tions, it seems reasonable to dispense with mumerous refinements
in specifying the loading condition and to apply a concentrated
load at some specified point in an arbitrarily chosen direction.
Therefore, the bow impact load is applied to the keel at a point
one-tenth of the distance from the bow to the step, and in an
upward and rearward direction at an angle of 30° from the vertiecal.
Sce Figure 252, As this loading condition will produce a combi-
nation of vertical horizontal, and angular accelerations, all
itenms of weight will produce inertia loads accordinglye
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3« 1In those cases when it would be otherwise unnecessary to
calculate the moment of inertia of the airplane about its lateral
axis, the specified condition may be replaced by a simplified
loading by making some conservative assumptions., To simplify the
computation of inertia loads, an 'average' linear acceleration
factor can be used. The approximate method then consgists of
applying to the keel at a point ome~tenth of the distance from
the bow to the step a load equal to ny Wy = 1/2ng Wy and computing
the inertia loads over the forward portion of the mll by using a
load factor of 0.65m, applied vertiecally, together with a hori-
zontal component of 0.50n,e This would result in an unbalanced
bending moment and shear by the rearward portion of the hull.
Since this condition is not likely to be critical for the rearward
portion of the structure, these unbalanced forces and moments

need not be applied to the rear portion for design purposes. Ths
tsimplified! system for the bow loading condition is illustrated

by Fige 25Db.

4, The use of a knrizozrtal component of ¢50m, in the 'simplified:
bow loading condition insures a.dequate forward-acuing inertia
loads for local design.

5. To avoid excessive local shear loads, the water reaction may
be distrituted over the mll bottom. The area to be used in
determining pressures (for comparison with those specified in
CAR 04.2541(a)) should be the projected area of the mll bottom
on a plane which is normal to the resultant water load, and
which intersects the bottom of the keel at a point one-tenth of
the distance from the bow to the step.

«2544 STERN LOADING CONDITION

1. To simplify the computations and to decrease the amount of
work required, the area to be used with the pressures specified
in CAR 04.2541(3) may be taken as the projected area of the hull
bottom on the plane defined in CAM 04.,R542.3.

«2545 SIDE IOADING CONDITION

l. In cases where the specified condition appears to yield un-
reasonable resulis, altermative procedures may be used, subject
to acceptance by the Administrator.

2. To avoid excessive local shear loads, the water reaction may
be distributed over the mll bottom. The area 1o be used in deter-
mining pressures (for comparison with those specified in CAR 04.2541(2))
should be the projected area of the mill bottom on the plane defined :
in CAM 04.2542-3, The load to be used in determining pressures
should be ihe vertical component of the resultant load,
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FIG 25a APPLICATION OF BOW LOAD

EXTERNAL

(WATER)

LOADS

SO'SO n'b

INTERNAL ——ANY .POINT FORWARD OF ©.q.
ONERTIA)

LOADS ~ , .

_ 0.65 ny

(b)

FiG .25 SIMPLIFIED BOW LOADING CONDITION
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RIGGING LOADS.

l. The requirements are based on the necesgsity for proportioning wire

sizes so as to prevent an excessive load being produced in any wire while
rigging any other wire. They provide for an average rigging load of 20
percent. This means that when the meximum allowable ratio of rigging loads
(two to one) exists between two wires, one will be assumed to be rigged to
13.3 percent, the other to 26.7 percent. If a larger ratio were permitted,
such as three to one for instence, there would be a possibility of obtaining
an excessively high rigging load in one wire while rigging the other to a
relabively low porcentage of its rated load,

2. A specific exemple of the appliceation of these principles to an airplene
wing is found in a biplane cellule in which 1ift wires are used for both

front end reer spars, but which has only one landing wire (or peir of wires).
In such a case the landing wire must act as a counter wire for all of the lift
wires. This meens that a relatively high load mst be supplied by the landing
wire to counteract normsl rigging loads in the flying wires. To meet the
requirement as to the meximum allowable ratio of rigging loads it is there-
fore necessary bto use a large landing wire, even though its design load from
the flying conditions is comperatively small. In this example it will elso
be noted that the drag truss wires may be loaded by rigging the flying wires.
Obviously, the drag truss wires should be strong enocugh to prevent excessive
rigging loeds from being built up.

FITTINGS,

l. As noted in the requirement a fitting is so defined as to include the
bearing on the comnected parts. This includes the bearing of bolts on spars.

CASTINGS.

1. The asdditional ultimmste factor of safety for castings is to account for
the reduction in strength due to intermal imperfections and alsc for the
difference between the actual physicael properties of the casting and the
properties of cast test bars. It should be noted that when this factor is
used s the 50% stress reduction specified in ANC-5 for casting materials may
be disregarded. Consideration will be given to reduction in the specified
ultimate factor of safety when suitable means of internal inspections are
used and when, in addition, it can be shown that such means of inspection
will result in the acceptance for use of only those castings having =
definite velue of minimum strength at the critical sections.
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WIRES AT SMALL ANGIES.

1. The reguirement is based on the fact that a decrease in the angle, between

a 1lift wire and a spar. will greatly increase the deflection for a given losding,
The formula used is so adjusted as to maintain, approximately, the deflection
which would be obtained for a 30 degree angle between the wire and the spar.

It will be noted that the value of K becomes 1.0 when the angle is 30 degrees.
Since K approaches infinity as the angle approaches zero, it will be found
impractiéal to design wire-braced structures for small angles between the

wires and the members which they support.

CONTROL SURFACE HINGES AND CONTROL SYSTEM JOINTS.

l, It will be noted that it is unnecessary to prove the ultimate strength of
ball and roller bearings if the limit load does not exceed the manufacturer's
non=-Brinelil rating. If, however, the ultimate factor of safety of the bear-
ing is proved, consideration will be given to the use of a yield factor of
safety of less than 1,0 with respect to the manufacturer's non-Brinell rating
provided that such use is substantiated by tests.

1. The purpose of the requirement is to provide additionﬁl stre?gth for
that portion of the wing structure which transmits the main }andlng gear
reactions to the fuselage. It applies to all parts of the wing affected,
including fittings of a type the failure of which would impeir the strength

of the wing in flight. |

0lmd]l



04,
CIVIL AERONAUTICS MANUAL

o2=d2



CIVIL AFRONAUTICS MANUAL 04,53

04.31-4

PROCF COF STRUCTURE.

)00 1. Acceptable methods for computing the slloweble loads and stresses corres-
ponding to the minimm mechanical properties of various materisls are given
in the Army-Navy=-Commerce Publication ANC-5, "Strength of Aircraft Elements",
obtainable from the Superintendent of Documents, Washington, D.Ca, for 35¢,

D1 COMBINED STRUCTURAL ANALYSIS AND TESTS.

lo The results of load tests as referred to in the requirement may be
interpreted as the results of tests on similar structures when such tests
are applicable,

)22 1. Detailed recommendations as to accepbable methods of conducting structural
tests are contained in Inspection Handbook, Chapter VIII, ®"Test Procedurs®™.

2. Since it is required that the defermination of test loads, the apparatus
used in tests, and the methods of conducting tests shall be satisfactory to
the Administrator, it is strongly recommended that, in the case of structural
tests on al]l major units, the eabove items be fully covered by a report sub-

mitted to and approved by the Administrator before the actual tests are conducted.
X PROCF OF WINGS
A DETERVWINATION OF SPAR LOADING

l. The following method of determining the rumning load on the spars of =
two-spar, fabric~covered wing has been developed to simplify the calculations
required and to provide for certain features which cennot be accounted for in
a less general method. It will usually be found that certain items are
constant over the span, in which case the computations are congideradbly
gimplified.

2. The net running load on each spar, in pounds per inch run, cen be obtained
from the following equations:

Ir T [{CN (a-f). -~ CM&} g+ nge (j-f)l 1(4}; -

Where yp = net running load on front spar, Ibs//inch°
¥y = net running load on rear spar, lbs /inch.
a, by, £y j, and r are shown on Fig. 26 and are
all expressed as fractions of the chord at the
station in question.

301230 0—41——7
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TABIE IV

COMPUTATION OF NET UNIT LOADINGS (CONSTANTS)
(Ref. CAM 04'952"&5)

Stations Al

Span

w W N

10
11
12

13

&, fraction of chord (a.c.)

Distence from roct, inches
G1/144 = (chord in inches) /144
f, fraction of chord

r s L L 1]

b-r-f-@-@

b, .
e = unit wing wt., 1bs/sq.fb.*
f-02®-O

0 -2 -®-@

r-i=@-0

j-1r=®-G

ct/144 v =(@/@

* These values will depend on the amount of disposable

lcad carried in the wing.
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(Note: the value of "a" must agree with the value on which GM& is
based.)

q = dynamic pressure for the condition being investigated.
Cy and cMﬁ are the airfoil coefficients at the section in question.
C?! is the wing chord, in inches.

o is the average unit weight of the wing, in pounds per square foot, over
the chord at the staticn in question. It should be computed or estimated
for each ares included between the wing stations investigsted, unless
the unit wing weight is substantially constant, in which case & constant
value may be assumed., By properly correlating the values of e and j,
the effects of local weights, such as fuel tanks and nacelles, can be
directly accounted for.

n, is the net limit load factor representing the inertia effect of the
whole airplane acting at the CG. The inertia load always acts in a
direction opposite to the net air load. For positively accelerated
conditions no will always be negative, and vice versa, Its value
and sign are obtained in the balancing prosess outlined in CAM 04,218,

3s The computations required in using the above method are outlined in
Tables IV and V, in a form which is convenient for making calculations and
for checking. The following modifications and notes apply to these tables:

8o TWhen the curvature of the wing tip prevents the spars from extending
to the extreme tip of the wing, the effect of the tip loads on the
spar can easily be accounted for by extending the spars to the
extrems span as hypothetical members. In such cases the dimension
(£) will becoms negative, as the leading edge will lie behind the
hypothetical front spar.

b. The looal wvalues of CN’ item 14, are determined from the design value
of Cy in accordeance with the proper span distribution curve. Fige 18c
is used for this purpose, together with the value of ¥, obtained for
this figure, as outlined in CAM 04.217-D.

co Item 1B provides for a variation in the local value of Cye For
Condition I, the value of C, should be determined from the design
value of CP by the following equation, using item numbers from

Tables IV and V:
fy, = @ =( @) crr)

ds When cbnditions with deflected flaps are investigsted, the value of
Cy_ over the flap portion should be properly modified., For most
ofﬁer conditions Cy will have a comstant value over the span.

6o It will be noted that the gross running lcads on the wing structure
can be obtained by assuming e to be zero, in which case items 19,
25 and 30 beoome zero, yp becomes (8 x U9, y, becomes € x 3, and
Vo Decomes @) x(2 :
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TABIE V
COMPUTATION OF NET UNIT LOADINGS (VARYABLES)
(Ref, CAM 04,31~-43)
CONDITION w==m
q GNI(“Q) C's G'u or C.P! Dg
| S
Pistance b from root
(Ksfer also to TableIV) '
14 1 Oy = Onp(ene) * Ry/B,
15 C“n (varistion with span)
16 @ x @ |
17 | G9 +
a w0 x q
:S 19 |5 =@ =x @
Elo|@® +
21 | vy -= x @3, 1bs/inch
22 @ x
25| €2 - (9
g. 24 @ x q
fg 261 n, x = @
Sl261€) + @
27| yp = x (13, 1bé/inch
28 | C; (variation with span)
. 29 x q
§lo|n, =
;‘g 2@+ @
52| v = @) x @, Ibefinch
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B DETERMINATION OF RUNNING CHORD LOAD

l. * The net chord loading, in pounds per ineh run, can be determined from
the following equaetion:

e = [?C q + Ixo %] C'/iéé

Where y, = running chord load, lbs /&nch
c0 = chord coefficient at each station, The proper
sign should be retaimed throughout the computations.
.= dynamic pressure for the condition being investigated.

nxz = net 1limit chord load factor approximstely representing
the inertia effeect of the whole dirplane in the ehord
direction, The value and sign sre obtained in the
balancing process outlined in CAM 04,218, UNote that
when Cp is negative, nxo will be positive.

e and C' are the same as in CAM 04.31-A2,

2« The computations for obtaining the chord load are outlined in Table V,
Ttems 28 to 32, The following points should be noted:

a. The value of Cu, item 28, can usually be assumed to be constant over
the span. The only variation required is in the case of partial-span
wing flaps or similer devices.

be The relative loecation of the wing spars and drag truss will affect
the drag truss loading produced by the chord and normal sir forces.
This c¢an easily be accounted for by correcting the wvalue of Co as

indiecated in CAM 04,129-42 and Fig. 10.

3. It is of'ten necessary to consider the local loads produced by the propeller
thrust and by the drag of items attached to the wing, The general rules
concerning these items are outlined in CAM 04.217-C. The drag of nacelles
built into the wing is usually so small that it can be safely neglected. The
drag of independent nacelles and that of wing-tip floats can be compubted by
uging a rational drag coefficiert or drag ares in conjunetion with the design
speed. The beam and torsional loads applied to the wing through the mttach-
ment members should alsc be considered in the snalysis. In general, the
offects of nacelles or floats can be separately computed and addsd to the

loads obtained in the design conditions,. :

C DETERMINATION OF RUNNING LOAD AND TORSION AT ELASTIC AXIS

1ls The following method can be used in cases where it is desired to compube
the rumming load along any given axis, together with the unit walue of the
torsion acting about that axis,

2. As shown in Fig. 27, x denctes the location of the reference axis,
expressed as a fraction of the chord. The net rumning lomd along the locus
of the points x and the net running torsion about these points are found from
the following equations:
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.= (Cgat+ng e) C!
144 2
my =[@n (x-a) + c],as q+npe (x-a)] (§4i

Where y, is in pounds per inch run.
m, is in inch pounds per inch run.
x is expressed as a fraction of the chord.
Ct is the wing chord, in inches.

The remaining symbols are explained in CAM 04.31-A. (As noted
previouslys no will always be negative in positively accelerated
conditions.)

3. The computations required for this form of analysis can be conveniently
carried out through the use of tables similar to Tables IV and V. The items
appearing in each table would be changed to correspond to the equations given
in 2 sbove. The computation of the running chord loed can be made in ‘the
manner outlined in ¢aM 04.31-B.

LIFT-TRUSS ANALYSIS

1. dJury struts. In computing the compressive strength of 1ift struts which
are braced by a jury strut attached to the wing, it is usually satisfactory
to assume that a pin-ended joint exists at the point of attachment of the
Jury strut. The jury strut itself should be investigated for loads imposed
by the deflection of the main wing structure, An approximate solution based
on relative deflections is satisfacotory, except when the jury strut is ocon=-
sidered as a point of support in the wing spar analysis, in which case au
acourate analysis of the entire structure is necessary.

2. Redundant Wire Bracing, When two or more wires are attached to & common
point on the wing but are not parallel, the following approximate equations

may be used for determining the load distribution between wires, provided
that the loads so obtained are increased 25 per cent,

3
P=|_ vﬁ‘l;ll‘z — B
Vidyly” + Voidply
3
By o Vahelilp
2 2, 1 3 7 3 | °
b’l Alp” + VprAoly

Where B = bear component of load to be carried et the Joint,,

P) = load in wire 1,
Py = load in wire 2,
V1 = vertical length component of wire 1,
Vo = vertical length component of wire 2,

Aj and A represent the areas of the respective wires, and
I, and Ly represent the lengths of the respective wires.

The chord componsmts of the air loads on the upper wing and the unbalanced
chord components of the loads in the interplane struts and 1ift wires at
their point of attachment to the upper wing should then be sssumed to be
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carried entirely by the internal drag truss of the upper wing.

3. Indeterminate Wing Cellules. In biplanes which have two complete 1if%
truss and drag truss systems intercomnected by an N strut, a twisting moment
applied to the wing cellule will be resisted in an indeterminate manner, as
each pair of trusses can supply 2 resisting couple. An exact solution involv-
ing the method of least work, or a similer method, cean be used to determine
the load distribution. For simplicity, however, it is usually assumed that
the drag trusses resist only the direct chord loads and that all the normal
losds and torsional forces are resisted by the 1ift trusses. This assumption
is usually conservative for the 1ift trusses, but does rot adequately cover
the possible loading conditions for the drag trusses. In the usual biplane
arrangement the lower drag truss will tend to be loaded in a rearward direction
by the wing moment, Design Condition VI ( cAR 04.2138) therefore represents
the most eritical condition for the lower drag ‘truss. This condition should
be investigated by assuming that a relatively large portion {approximately

75 per cent) of the torsional forces about the aserodynamic center are resist-
ed by the drag trusses. In the case of & single-1ift-truss biplane, the drag
trusses must, of course, resist the entire moment of the air forces with
respect to the axis of the lift truss.

E WING TORSION TESTS AND DETERMINATION ©F COEFFICIENT OF TORSIONAL RIGIDITY Cpp

lo In order to determine the coefficient of torsional rigidify Cpp, it is
necessary to apply & pure torsional couple near the wing tip end to measure
the resulting anguler deflection of the wing at selected intervals along
the semi-span.

2. Set-up. The wing should be mounted on the fuselasge or = suiteble jig,
either of which should be anchored solidly to the floor or wall 4o prevent
movement or displacement of the wing. The landing gear should be blocked
on the airplane. The torque load may be spplied to the wing tip through
several beams clamped to the wing as near to the tip as is praciiecal, such
as the outermost dreg truss compression rib location. The platform cables
should be attached to the torgue beams an equal distence forward and aft
of the elastic axis of the wing. This axis may be located experimentally
by rocking the torque beam and noting the neodal point on the wing chord as
viewed from the tip. Typical set-ups are shown in Figure 27a. Cars should
be taken to ses that the strength of the local wing structure at the points -
of spplication of the torque loads from the heams is sdequate. For con-
ventional two spar wood wings, it is adviseble to apply the load directly to
the spars through wood blocks rather then attempt to ecarry the load through
e rib to the spars. Wings which are to be fabric covered should be tested
uncovered, unless a certain smount of conservetism is considered in comparing
~ the results with Figure 32, in order to gimulate the conditions found in
service.

Secales for reeding the deflections should be suspended from the lesding and
trailing edges of the wing (excluding the aileron T.E.) at intervals of
approximately 10% of the wing semi-span, end should prefersbly be graduated
in the decimsl system with gradustions sufficiently fine to obbain readings
to & hupdredth of am inch. The deflection reedings can be readily obtained
by the use of a "Wye" level or transit set up at some point that will permit
gighting on all scales. BSeveral additional scales should be attached to the
fuselage and opposite wing (or jig) to determine if there is any relative
movement of the entire airplane. The level should be checked against a bench
merk on the waell before end after each group of readings.

03=8
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3, Losding. The following procedure may be used:

a. Obtain zero torque reading on all scales, i.e., the two
platforms should be supported so that there will be no
torque couple acting.

b. Add & sufficient emount of weight to each platform until
readable deflections are obtained. In generel, for most
asircraft from 1500 lbs. to 25,000 1bs. gross weight, it
will be found desirsble to meke this first torgque moment
(in.-1bs.) equal numerically to twice the gross weight of
the airplsme. For aircraft below 1500 lbs. gross weight
and biplanes, 70% of the above values may be used as a
first trial. Ceare sghould be taken to include the tare
weightg of the platforms in the torque computations.

c. Teke readings of all scales.

d. Add sufficient load to increase the torque by 50% and
take scale readings.

e. Add sufficient load agein to increase the original torque
by 100% and take scale reedings. This last torque should
result in & twist of the wing of from 1.5 to 2.25° at the
wing tip, which is desired in order to obtain satisfactory
data for computing Cpg.

f. The date to be recorded are: +he load applied; its lever
srm; the deflection readings at selected points; and the
exact location of these points both along the spen and
elong the chord of the wing. It would be desirable to
use a table such as shown on page .3-11 which would include
all computations necessary for determining Cpp.

4. Interprstetion of results. Having obtalned the leading end tailing
edge deflections {F and R in %table Va) or a corresponding set of data,
the angle of twist at each section of the wing for & given torque, or
platform load, is calculated and plotted ageinst the wing semi-span
measured from the wing tip.

Y = Angle of twist in degrees at any section of the wing
o = ten-l (Leading edge defl. (F) + trailing edge defl. (R))
)

{ {¢) Chord distences between scales
or
9 = 57.3 (F + R) degrees

( ¢C j

Plotting the deflection (F and R) and angle of twist (£) against wing
semi-spen (L) will reveal any ineccuracies in the date end will facilitate
cshecking the results.

The coefficient of torsionsl rigldlty may now be compubed, using the
following expression:

+5=10
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TAaBLE Va
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Cop = MdL - M
IR ey ?ﬂf_
dL

where

Cog = Coefficient if torsional rigidy (1b.int.2). It is equal to the
reciprocal of the torsional deflection per unit length per unit torque
and is usuelly expressed in values Lo the 1077,

d6- = Angle of twist in degrees, in length 4L {(in inches), caused by a
torque of M inch pounds. Referring to the curve of angle of twist

(®) vs. semi~span (L) shown in Figure 27b, it will be seen that df _ slope
of the tangent drewn to the curve at sny given point. Hence,

it 1s only necessary to draw the required tengent to the curve st the
valus of L at which the Cpp is desired and obtain @€ to use in the ebove
formula for Cpp. aL

It is very important that the tangent line be drawm amccurately. This
can best be done by first drewing the reflected curve to the point of
tangency (original curve mey be drawn on trangperent paper and used
reversed or the temgent spotted in directly by use of a smell mirror),
and then by bisecting the resulting angle, as shown in Figure 27b for
& wing section 60 inches from the wing tip. The tangent line should
be extended to both axes so that the slope of the line may he computed
sccurately which in this example is equal to d®gp / dLgg-

Crp should be computed for each of the three torque comnditions used at

& number of points along the wing semi-spsn and plotted against the distance
from the wing tip (L). This curve will show the varistion of torsionsal
rigidity throughout the semi-span and may be used for purposes of comparison
with wings similarly tested. See CAM 04,404-2 and Figure 32.

BEANS,.

WOOD SPARS,

l. The allowmble total unit stress in spruce msmbers subjected to combined
bending and coampression is covered in ANC 5, Section 2.41.

MBTAL SPARS ~ GEKERAL.

1. The bending moments and shears.should be computsed by precise formulas
which allow for the effects of the axial loads, Formulas for shear can be
developed by differentiating the formulas for bending moments. The values
of EI used in the compubations should preferably be determined from a test
on 8 section of beam subjecoted to lomds in the plane of the beam and normal
to its axis. In such tests it is recommended that the beam be simply
supported at the 1ift truss fittings and subjected to egual concentrated
loads, at or near the third points of the span, of such magnitude that the
maximwn shear and bending moment on the test specimen are in the same ratio
as are the mexzimum primery shears and bending moments on the corresponding
spans of the beam in the airplane, If this is not practicable, the shear
on ‘the test beam should be relatively larger than in the airplane. The
deflections in the test should be read to the degree of precision necessary
to obtain computed values of EI which are accurate within + 5 per cent.

] 5""12
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2, TWhen such & test oannot be made, the value of EI may be computed from

the geometrical properties of the section and the elastic properties of the
material used, but before being used in the formulas for compubing deflections,
shears, or secondary bending moments, this value should be multiplied by a
oorrection factor to allow for shear deformation, play in joints, and lack of
precision in computing the geometrie properties of irregular sections, The

correction fectors recommended are 0,95 for beams having continuous webs
that are integral with the chords, extruded I, and similar beasms; 0,85 for
built-up plate girders having continuous webs comnected to the chord by
riveting; 0.75 for beams with webs having lightening holes of such shape
that the beam cmnnot be enelyzed as a truss.

¢ TRUSS~IYFE METAL SFARS

1. Motal truss spars, in which the axisl ldéad is s0 small that L/ﬁ {or equiva-
lent gymbol as used in the formmlas for computing the stresses in beams sub-
jeoted to combined loamdings) is less then unity, may be analyzed as pin-
jointed structures if the axes of the members meeting at each joint intersect
at a point. TWhen the exes of the members meeting at any joint do not inter-
seoct at & single point, the figure formed with the axes of the members as its
sides may be called the “eccentricity pattern™ of the joint. In these cases
the sxial lomds in the actual truss merbers may be assumed to be the same as
those in the members of an equivelent truss with the joints located anywhere
on that side of the eccentricity patiern formed by the sxis of the cherd
member, When there is an eccentricity pattern at the end of any truss member,
the load on that member applied through that joint may be sssumed to be
compozed of an axial load P, computed as described above, and a bending moment
equel to Pe, where e iz the normal distance from the axis of the member to
the most distant corner of the eccentricity pattern. A more rational analysis
oen be made by dividing the total eccentric moment (about the true inter-
section of the web members) between the members intersecting at the joint in
proportion to their relative resistance to rotation of the joint.

2. In metal truss spars, for which 1/3 is greater than unity, the bending
moments and shears on the spar should be obtained by the use of the precise
formules. The valuss of BI to be used in these formulas should be obtained
whenever possible from deflection tests of the type deseribed in 04.311-Bl.
When tesbts are not practiceble the deflections used for debtermining EI may

be obtained by the use of any of the standard methods of computing the dew
flections of a truss, the assumed loading being that which would be used in

& test. In compubing these deflections it should be assumed thet there is
from 0,005 to 0,010 inch slip in the joint mt sach end of each web member

of & riveted or bolted truss. No slip need be assumed in welded joints.
TWhether the deflections are obtained by test or are computed, EI values should
be cbtained for at least three points in each span of the truss and the aver-
age used in the precise formulas, When arn exterral load parallel to the axis
of the spar is applied at any section at & point other then the cemtroid of
the chords at that seetion considered as a unit, it should be treated in the
precise formulas as an equivelent conmbination of an axial loasd at that centroid
and a bending moment.

%s 'The loads in the chord members at any section should be computed from

F = PAG/A ¥ M/h, where P is the total axiasl load, 4, the area of tne chord

under considerstion, A the sum of The areas of the chords without allowance

for rivet holes, M the total bending moment from the precise formulas, and h

0S=14
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the distance between the centroids of the chords, Where the axis of the spar
is not straight between support joints, M should be increased or decreased by
Po, e being the distance on the unlosded truss from the centroid of the chords,
considered as & unit at the section under investigation, to a line Jjoining the
similar ocentroids at the support sections. When full scale tests are not
practicable, the lomds in the web members should be compubed from

F= S/Ein @, where & ig the angle betweern the web member and the axis of

the spar and 8§ is the derivetive of the total bending moment with respect

to x. If the chords are not parallel, S should be corrected by an amount
equal to the shear carried by the chords which are cut by the same section

as is the web member. Where the chord members change section, the web

members should be designed to carry an additional load the component of

which, parallel to the spar axis, is equal to the part of the total axisl

load P that must be transferred from one chord to the other. Thus, if the
ares of the upper chord changes from Q.6 of the tolal chord area fo 0.5

of the total chord ares, the sdded load in the web members will be 0.1P/cos 8.
For simplicity, this load may be applied entirely to the web member adjacent
to the change of section, when such prosedure is conservative for %that member.

4, Design of Chord Memberses The column length should be assumed as the center~
line distance between truss joints for bending in the plame of the truss,

using & restraint coefficient of not more than 2.,0. For bending laterally it
should be assumed as the distance between drag struts excapt that:

8. If the ribs have adequete strength to prevent latersl buckling the
distance may be taken as not less than one~half the distance between
drag struts.

be. If the wing covering is metal, suitably stiffened, the bending
laterally may be neglected.

b. Design of Web Members., When there are no eoccentricity patterns and the
centrold of the rivet group is on the axis of the member, the column length
may be assumed to be equal to the center line length of the membere The
restraint coeffiecient used will depend on ‘the type of joint employed but
should in no case exceed 2.0. When eccentricity patternsexist or when the
centroid of the rivet group is ecoentric to the axis of a member, such member
should be considersd as an eccentrically loasded columm of length egual %Yo

its true centerline length, the assumsd eccentrieity of the axial load atb
each end being taken as the arithmetical sum of the rivet group eccentricity
drid the distance from the axis of the member to the most distant corner of the
eccoentricity pattern. When a more exact method of analysis is employed, each
mepber should be analyzed for the proper combination of axisl load and end
moment e

[

THIN-WEB METAL SPARS.

1. Thin-web metal spars may be analyzed in accordance with the theory of flat
plate metal girders, under the assumptlon that disgonal tension fields will
be produced by the shear forces. For information on this subJect see NACA
Technical Note No, 469. The analysis should cover the attachment of the web
to the flanges,

STRESSED-SKIN WINGS.

l. Plywood Covered Wings. Wings that are completely covered with plywood
may be designed under the following assumptions:

PR N 4
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04,3111

a., The covering will carry the shear due to the chord components of
the external loads, provided that sulteble cowmpression members
are installed between the spars, and that cut-outs are properly
reenforced. The axial loads in the spars due to chord leads
should not be neglected in the spar analysis.

be If the loads .on the spars are computed by means of econventional
methods, without reference to the elastic characteristicas of the
entire struecture, it may be assumed thalt plywood covering, if
rigidly attached to the spars and ribs throughou! their entire
length, will carry 10 per cent of the moments of the wing due to
the besam components of the air loads. The spars should be designed
to carry at leamst 80 per cent of these moments, When such covering
is removable or contains large openings or other discontinuities
between the spars on either surfage of the wing, proper reduction in
_asgsuned strength of the covering adjacent to such opening should be
mede. No reduction should be made in the shear loads to be carried
by the spars.

2., Metal=Covered Wings., Because of the lack of uniformity in the types of
metal-covered wings in general use, it is recommended that extensive statie
testing be employed either in lieu of, or in conjunction with, stress
anglysis methods., In meny cases a proof btest to the specified limit load
is the only method by which the behavior of the metal covering can be deter-
mined. The following points should be considered In investigating the
strength of metal covered wings:

&, Methods of analysis involving the use of the elastic axis of the
wing are acceptable if the position of the elastic axis is definitely
known. It is ususlly advisable to eliminate any uncertainty in this
respect by assuming different positions for the elastic axis, thereby
covering a range in which it is certain fto lie,

b. Analyses of skin-stressed wings involving the strength of sheet and
stiffener combinstions, or the strength of thin-web girders, should
‘be supplemsnted by dats on at least one static test of a representa-
tive panel in which the design conditions are closely simulated.
Such a panel should be relatively large in order to account for the
interaction of various parts of the sgtructure,

«3110  SECONDARY BENDING

1, In the design of wing spars and other members subjected to combined axial
and transverse loading the effects of secondary bending can be accounted for
by the ™precise™ equations based on the eguation of the elastio axis. In
order %o maintain the required factor of safety, it is necessary to base such
computations on ultimate loads, rather than on the limit loads. -

«3111  ILATERAL BUCKLING.

l. For conventionmal wings, the streangth of the beams against lateral buckling
mey be determined by considering the sum of the axial loade in both spars to be _
resisted by the spars acting together., The total allowable column strength of
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both spers is the sum of the column streagths of esch spar acting as a pin-

ended column the length of a drag bay. Fabric wing covering may be assumed

to increase the total allowable column strength, as above determined, by

50 per cent, When further stiffened by plywood or metal leading edge cover-
ing extending, over both surfaces forward of the front spar a total increase

in allowabls column strength of 200 per cent may be assumed,

RIBS
TRST REQUIREMENTS,

l. The rib %ests requiredshould at least cover the positive high angle of
attack condition (Condition I) and a medium mngle of attack condition. The
total load to be cdrried by esch ribshould equal 125 per cent of the ultimate
load over the area supported by the rib., For the medium angle of attack
condition, the load factorshould be taken as the average of the ultimate

load factors for conditions I and III,

2. The leading edge portion of the rib may be very severly loaded in
conditions II and IV. 4n investigation of the msximum down loads on this
portion should be made when ¥V, exceeds 200 mph. (See caM 04.217-B2). When
this requirement does not app§ s it shouldbe demonstrated that the rib
structure ahead of the front spar is strong enough to withstand its portion
of the test load acting in the reverse diresction. A test for this condition
will be required in the case of a rib which appears to be weak.

3o No less than %wo ribs should be tested in either loading condition. For
tapered wings a sufficient number of ribs should be tested to show that all
ribs are satisfastory.

TEST LOADINGS.

1, The following lomdings are acceptable for two-spar construetion when the
rib forms a complete truss between the leading and trailing edges. (See
CAM D4.,217-Bl1 for cther cases-)

8. Por the high angle of attack condition ribs having a chord length
greater than 60 inches should be subjected to 16 egual loads so
_arranged as to be applied at 1.0, 3.0, 5.0, 7.3, 9.9, 12.9, 18.2,

19,95 2401, 28,9, 34,2, 40.4, 47.5, 56,5, 72,0 and SO per cent of
the ehord. The sum of these loads should esqual the total load
carried by the rib; computed as spsoified in CpM 04.313-Al. For
ribs heaving a chord of less than 60 inches, 8 equal loads may be
uged, their arrangement being such as to produce shears and moments
of the same magnitude as would be produced by the application of 16
equal loads at the locations specified above.

b. For the medium angle of attack condition 16 equal loads should be
used on ribs of chord greater than 60 inches, 8 equal loads for
chords less than 60 inches. In either case the total load shall be
computed as specified in (AM 04.313-Al, When 16 loads are used, they
shell be applied at 8,34, 15,22, 19.74, 23.36, 26,60, 29,86, 33,28,
36,90, 40,72, 44,76, 49,22, 54.08, 59,50, 65,80, T3.54 and 85,70
per cent of the chord. When 8 loads are used they shall be so
arranged as to give comparable results,

301230 0—41——8
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2, W}'ien the lacing cord for attaching the fabric passes entirely around
the rib, all of the load should be applied on the bottom chord.

3: Then the t':c?ering_ic_s to be attached separately to the two chords of the
rib, the loading specified in paragraph 1 of this section should be modified
s;d tl;g.‘b approximatei.y 78 per cent of the ultimate load is on the top chord
a per cent on the bobttom, the total load bein

N eiimte 5 oen » eing 125 per cent of the

32 PROCF OF TAIL AND CONTROL SURFACES.

1., In analyzing movable control surfaces supported at i i
cars should be taken in the use of the “thregfmoment“ et:z:z;-zi.hlﬁagi);:::?
t}}g assumption that the points of support lie in a straight line will givé ’
misleading results. When possible, the effects of the deflection of the
points of support should be approximated in the analysis,

521 l.: The effgets of initial rigging loads on the final internal loads are
dzi’fic_zult to predict, but in certain cases may be serious enough to warrant
some investigation. In this connection, methods based on least work or
deflection theory offer the only exaet solution, Approximate methods, how-
ever, are satisfactory if based on rational assumptions. As an example, if
a certain counter wire will not become slack before the ultimate load is
reached, the analysis can be condusted by assuming that the wire is roplaced
by & foree acting in addition to the external air forces. The residual load
from the counter-wire can be azsumed to be a certain percentage of the rated
load and will of course be less than the initial rigging load.

+D23 VIBRATION TESTIS

1. The required vibration tests may bé made by shaking the various umits

of the airplans by meens of an unbalsnced rotating weight driven through

e flexible shaft at gpeeds which caen be controlled and measured, or by

other acceptable methods. These tests should be mede on e complete sirplane.
The frequencies obtained for the various units should be erntered in Form
ACA=719 - Flutter Comtrol Data. (A reproduction of this form to approximately
1/2 scale is shown as Table Vb on the following page.) Copies of this form
nay be obteined from the offices mentioned in paragraph 2 below.

2. Vibration equipment is available at the Civil Aeronautics Administretion
offices et LeGuardis Field, Long Island; Kemsas City, Missouri, and Santa
Monica, Californis, Losn of this equipment mey be obtained by contacting the
Regional Menager. It is especielly important that the menufacturer pay
partioular attention to the inmstructions furnished with the above vibration
equipment, in order that setisfactory results may be obtained. However, the
menufecturer may use other types of vibration equipment, inwhich case a
report should be submitted containing a complete deseription of the equipment
and sufficient test data to substentiate its accuracy. When a resilient
element such as a spring or rubber bell is incorporated in the driving unit
of the vibrator, its stiffness should be low relative to the stiffness of
the surface being vibrated, in order to avoid misleading results. If the
menufacturer desires, arrengements can be made to obtain experienced Civil
Aeronsutics Administration persommel to supervise the operation of the

vibration equipment.

¢ 5m18
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8. Attitude of Adreraft. All of the vibration tests s Wwith the
exception of the fuselage vertical bending and possibly the
fuselage side bending tests, can be conducted with the airplane
tail wheel (or skid) resting on the grourd, providing that the
mtural frequencies of the various units may be correctly
recognized with the airplane in this position. Tt &s been
found desirable, in some cases, to deflate the landing gear tires
(and tail wheel tire, if used) approximetely 25%, in order to
lower the natural frequency of the tires beleow the frequency
range expected for the structure. If difficulty is experienced
in recognizing the significant frequencies with the tail whesl
{or s}id) on the ground, it should be raised just free from the
ground, either by a sling arcund the fuselage located as far
fgrward as is practical, or by blocking up in the region of the
wings., The latter procedure may be preferable for the fuselace
vertical and side bending modes. N

4, Tocation of Vibrator on the Structure.

a. The proper location of the vibrator on the structure
is important in obtaining satisfactory resulis.
Suggested vibrator locations for exciting various
modes of vibration are given in Fig. 28 .

be The effect of the vibrator weight on the freguency of
the structure may be appreciable especislly for the
control surfaces, The lightest weight vibrator giving
satisfactory results should be useds In gemeral,
vibrators weighing up to 10% of the weight of the sur-
face to which they are abttached may be used withoud
correcting the observed frequencies, unless the
vibrator distance from the hinge Yine is such as to
create a much larger relative effect upon the moment
of inertia of the surface, However, approximate fre-
quency corrections can be made by adding several small
increments of weight near the vibrator at the same arm
from the hinge line as the vibrator, and plotiing the
resulting total increment weights (including vibrator
weight) against the frequencies observed. Extrapclating
this curve to zero weight should give the corrected
freguency.

¢. In general, the following points should be considered
in the attachment of any type of vibrator to a structure.

(1) The location is of primary importance and should
be at a point of large deflection., See Fig. 28

(2) The vibrator should be so mounted that its line
of force will be in the most advantageous direction
to excite the vibration mode desired.,

(3) It is desirable to attach the vibrator to a part
of the structure that is fairly rigid such as the
wing spar, control surface ribs, etc.

(4) The loeal structure to which the vibrator is attached
should lave adequate strength for the loads imposed
by the vibrator.

0320
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VIBRATION MODES AND VIBRATOR LOCATION

{IN GEMERAL ‘CHLY & PRAGTION OF DiE MODES LISTED WILL 55 APPLICABLE 0 ABY ONE AIRPLANE)

ITRS | EURFACE HODE UESCRIPTION OF MTE ARD ITEM | SURFACE HOpE LESCRIPTION OF MIDE AND
SUGGESTED VIERATOR LOCATION SUGOESTED VIBRAIR LOCATION
1 Rudder (a5 & FRudder swinglng bask and forth, under 13 Buaelege 8ide Whole tall undt vibrating in side dirsstien
(sTngla} Unit) the spring aotlon af the control cnbles. Bending | about verticel axis through fusslage for-

(Vibrator aft of horn on rudder T.E.) ward of teil unit. Ususlly rtant only

¢n lapge afrplenos, (Vibrator at tail end

cnal vibration of the rddar, ud  funsiege )
r Torsi ration 8 T, [

é hd:.:) Tosaton the apring sotlaz of the torque tude
{Bodal jime extends from trailing edge to 19 Pusclagh | VerticaliSemo ae &vem 18 sbove, exoapt vibrating
torque tabo,)  (Vibrater neer upper end on Bending |in vertiosl dirsctiom sbout horlmntal
rudder TuEe) sxis though fuselage. Only ant in

very large airoraft having fusslsge cutouts

3 Rudders Bym. Sano aa Ltm 1 sbove, except both rudders in top mnd bottom edden. (Vitestor at tedl

(%I Tail, ewinging inwsrd (ar cutwsrd) at eeme time, g of fusslage.)
{¥ibrator aft of horn on rudder T.3.)
20 | stoniliser| $ym. Btebiliter bending #4 & beexn supported ab

4 Ruddera Unsym, | Sexs ap item 1 above, exoept both ruddera Donéing |1ts midpoint (fuselsge). Umally only

(Tein Tall moving to right {or left) togethar. inporvant in pantilever teil surfacs dewigns.
{Vidrotor aft of born cm rudder T.E.) 1If wire or strut braced with szell tip
overhang, the mode of vibretian may uot be
much an to parmit interaotion with the
] Ruddrss Toraion| Seme a2 ltom 2 &hOVE, slovetor. (Vibrator neer cutboard emd of
(WX Tell, stabilizer.)

[ Zlevster | Sym. Both elsvators swinging up or down to- 21 Stabllizer Syn. Zorafonal vibretion ¢f tha gtedllizor.
gether undor the spring sotlon of the Torglox |Similar %o itam 15, for tho wing. Usually
control eables (or push pull tubes) anly important for owntilever mud twin tail
(Vibretor et inner ond of cue slevmtor adroraft, {Vibratar near outer ond of
T.E. o aft of horn oo sinple olsvetor.) atebllizer ot LiB.}

T Blevetor | Unsym. | Ome olevator (or 1/2 of mingle olevater) 22 Stebilizer Uadym. |Toratonsl vibretioun of mtebilirer. Similar

e moving up, other domn at same tTime vaer " Torsicn | %o item 16 for the wing. Hodal line ot §
spring aotion of torque tubs. (Bodal of mtebilizer {faselagse). (Vibrator at
Line plane of surfuce, aft 1sading edge of stahilizer ar at trelling
from poizt moar canter of slavator spers) odge of slevator. Elevator olusped to
(Vibrator at oemter of eemi-spen neer T.E.) ateblllser.)

3 Adleron Sym. Rach nileron as & unit minging up snd

I . down togother, under the spring astlen of 23 Stebilizer| Roocking |See item 17 alme. Stebilizer na & wadt
tho contrel osbles (or .pumh pull tubes}. sbout Lta|rocking sbout its fusslege sttachments.
{vidrator betwesn centor and imer end at fupelege {Twelly only importmmt for twin tall sir-
#ilercn T.E.} attaghe - |oraft. (Vibrator on fin or cutbomrd emd of

méuta gtebilizer on twin t4il airosaft, or nosr
outbosrd #nd of atabilizer - elevator

] Alleron Tazym. | Ons sileron es o unit moving up, other hinge line ¢u singls tall airoraft.)
domn at pame time, under spring sotimm of
eontrol cables. (Wibrebor aft of horm at
elloron T.E,} E1Y Bondizg |Fin bending as & besm fixed at one auds

{sfigle Teually cnly impertemt in sentilever tail
tall} mrface designa, {Tibrator neer upper oad
10 Adlewon Toraion| Torsionel vibration of aileron, under the of fin mesr rudder hinge lins,)
apring eotlon of the torgue tube (Fodel
line oxtonds from tralling adge to torque
tubes) {Vibtretor mear outer end st ailoron 6 Fin Toraion |Torsionsl vidbration of the fin, Similer 0
T.E.) (Biogle itom 21 for the stabillizer, (Vibrater on
tall) fin LE. ater upper emd.)
11 Hing Byma bouding so & beam supported st Sts
Bending | midpoint {fuselags)}, or az s braoccd bowm
mupported at the brase points. (Vibrator 28 Pin Bmading 1Plu papding es & beanm fixed at lts attashe
nodr wing %1p approximstely on plastic (55 Teal| (syms  |weat to stabiliser, (Wibrator zewr upper,
wele of wing.) only} | with ve— [or lower, omé of fim meer elsstic axia of
spect to |fin.) (Upper and lowsr portions mey have
sttoohtng|difrerent fraquencien.}
2 Wing Uneym, | Sae a8 Atem 11 sbovs, sxcopt that right fin to
Beoding| wad 1sft helves of the wing move in oppo= stabilizer
alts directions at tho sumé time, TUsually
rtant in large m:itd, alra -
;.wm{q.tvnr.w m.ﬁ wing ‘m“i- 27 Pln Seuding |Fin bending oz & beam {ixed at ite nttesh
mately on elastic txia of wimg.) . (I"z Tatl |(Tnoym, |meat to tebilizer.
caly) prith o=
apest to
13 Hing Byma Toraonal vibrution of the ming about a [2tvaohment
Toralsn | spamwise axis. Right sxd left halves of jof fin to
the wing move in asme direction wboub stabilizer)
this axds ot the some time, (Vitrator
nenr wing tip, forward or eft of elaztic
axig of wing.) % | fep Ternion |Torstonsl vibrstion of ewtboard end of flap.
Similer o ftem 10 abovo. Assunming irre-
varsinls control mrm used. (Vibrator naar
a Hing Ungym, | Samo ss 13 nbove, except right and left outboard eud of flup om 2.E.) Oaly imporw
Torsion| helves of the #iag move in opposite tant mhen flep extends outbosrd on wing
diveotiong about o tpammise sxls ut the oeyand 50K somi-wpaz looation.
seae time. (Vibrator near wing tip,
formard or aft of olastic axis of wing.)
28 TIabp Note1 Bffect of vibralor welght on §ab fre-
(Bodder queney sheuld be Anveatigated when
15 [N Daliule | Same we item 13 sbove, exgept oomter of |tileran vibyator is ettmchod directly te
Ploms £ynta Totetion may be losawd betwesn upper Klovstor ) tab.
onldy) Tordon | end Lower wings. (Vibrator estizng In
hordwios dirastion o or wing
e boriiimadbalvs o B el 0 | mn Torsion [Torsiomsl vibration of i tab under the
or spring astloe of the torque tube. Hode om
Belence T2, (Vibretor oo tab zosr one end.)
6 | W Collulo | Saxo ms itam lé abave, #xospt dsntey of Tebs
piane Uneym, rotatlon mey e loosted between uppor and
<nly) Torales | lowar wings. (Vibrator sotlig fn chard-
mise diroctlon at uppsr wing outer resr 3 servo Syma [Iab &g & vnit seinging bask and forth under
interplane strut attashment.) Tabe [the spyring ection of the control cebles.
(Vitrator on adjsccat toh supporting s truc-
ture, or on tob ltmeif.) .
17 Fusolego Torslon Whole tall undt and fasslegs wibrat
torsionally obout longitudinal .
item 23 -:}iypoj (Vibreter on fin or posbits # | gerve Torsion  [Jemo as ltom 10 whove, (Vibrator on fab
1zer = ou hings line, st tip of surface.) poT poar aue ood.
55 | Balomos Bepding [Support bending aa o beam (fixed at oo ead)
w of Lz varicus plansg depending om the ripidity.
or mov- support Piost importent direetiona ars wriloal and
adle nideweys with relation to the airplans
BWriaoss - loenteriine. (Tibrator moer balance weight
mounted on aupport.)
dogp pup-
’ porta
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5., Testing. A certain amount of experience is necessary in
recognizing the various modes and resonant frequencies., In
conducting the tests, the vibrator should be placed on the
structure as suggested and then operated at increasing speeds
wntil a response peak is reached (the amplitude of vibrationm
of the structure is appreciably grester than at slightly
higher or lower speeds, thus indicating a resonant condition).

6. During the vibration tests involving the control system,
the controls should be restrained by an assistant to simulate
the condition in fiight, When the control svstem incorporates
dampers or power boosters, their effect on the frequencies
should be considered., It is important that cable control
systems be rigged to their proper tension. In general it
will be fourd that cable conbrol systems will have 3 larger
resonant fregquency response range than a more rigid sysiem,
such as one incorporating push pull tubes with close fitting
joints. In the former case, when an umusually large range is
encountered, it is desirable to record the frequencies at both
ends of the response range. In most cases it is satisfactory
t0 note only the mean frequency value for the particular mode.

7. It should be noted that it may be possible to excite a
certain mode in more than one way. For instance, the fuselage
torsional freguency may be excited in the fin bending test and
conversely the fin bending frequency may be execited in the
fuselage torsion test. Cases of this type will serve as cross
checks on each other.

The phase relationship of wibrating parts may be determined
by the method shown in Fig. 288 as applied ‘o the per-
ticular case of the elevators. The metal plates A and B,
attached to the trailing edges of the elevators and intercon-
nected with a wire, are necessary only in the case of fabric
covered surfaces or surfaces which have a poor e€lectrical
interconnection. VWhen the parts are vibrating the phase re-
lationship may be determined by manually holding the leads
€ and D close to the surfaces so that intemittent contact is
nade during each cycle., If the light flashes or clicks are
heard in the headphones at regilar intervals (with the contacts
in the same side; i.e., upper or lower}, the surfaces are
vibrating in phase, whereas, if the light does not flash, or
no click is heard in the headphones, the surfaces are out of
plse, This showld be verified by reversing one contact, for
example, putting contact D on the upper side.

The location of the nodes of the varicus forms of vibration
should be established by the tests. In many cases the location
of the nodes is self-evident, or can be determined by visual
observstion or by wfeel", Determination of the nodes by the
foregoing methods is generally satisfactory for most modes of
vibration. If the torsional axis of vibration of the fuselage
(or the nodes for other modes of vibration) cannot be defi-
nitely established by the above methods, a more detailed pro-
cedure, involving measurements of the amplitudes of vibration
at various points, shalld be employed.

¢3—22
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INTERCONNECTING WIR

PLATE A PLATS

CONTACT €/

MLE!F m_‘;wr
OR HEADPHONES
: i{wv....r*“_'“‘"‘—- A-“.M\E
REF--cAM (04.323-1.

LT,

FIG. 281 TEST SET-UP FOR
DETERMINATION OF PHASE
RELATIONSHIP.
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8. A number of frequency trend curves are shown in Figure 28b., These will
be expanded as more data become available. The wing end stebilizer data
shown on this figure were obtained on unbraced surfaces. It should be
appreciated that these trends are spproximate and cemn serve as a rough guide
only. Meny factors, such as the type of construction inmvolved, stc., will
heve a marked influence on the actual velnes which will be obtained for any
particular design,

9. Fige 28 gives a detailed description of the possible modes that mey be
observed durlng the tests and includes suggested vibrator locations for

each mode. In general, only a fraction of the modes listed will be appliicebls
to Bny ome airplane.

FROOF OF CONTROL SYSTENS.

l. In some cases involving special leverage or gearing arrangements, the-
gritical loading on the control system may not occur when the surface is fully
deflected. For example, in the case of wing flaps the most eritical load on
the control system may be that corresponding to a relastively small flap dis-
placement even after proper allowance is made for the change in hinge moment.
This condition will occur when the mechanical advantage of the system becomes
smell at small flap deflections.

2. An investigation of the strength of & control system includes that of the
various flttings and brackets used for support. In particular, the rigidity
of the supporting structure is importent especially in ailerom, wingflap, and
tab control systems.

PROOF COF LANDING GEAR.

1. The landing conditions tebulated in Pigs., 24 and 25 are chosen so as %o
cover the various possible types of landings with a minimum amount of investi-~
gation., It will usually be found that each different condition is eritieal
for certain differemt members. If the design is such that it is obvious that
a cerbain condition eannot be eritical for any member, such & condition need
not be investigated. It will probsbly be necessary, however, to determine the
loads mcting on the fuselage 1n all conditions, for use in the fuselage ana-
lysis,

2, In order to simplify the précedure used in enalyzing landing gear and
float bracing it is recommended that the following conventions be used:

a. The basie reference axes are designated by V (positive upward),
D, (positive rearward) and H (positive outward)., (For side landing
conditions H will be positive outward only with respeet to one side.

b, Tension loads are positive, compression loads negative.

c. Moments are represented by vectors according to the “right hand" rule.

de The basic axes also represent positive moment vectors, each axis
being the axis of rotation for the corresponding moment. (Note that
changing the sign of & moment reverses the direction of the vector.)

e. In writing the equations of equilibriuvm, all forees are initially
assumed to be tension, i.e., positive. The true nature of the forces
will be indicated by the sign of the vector obtained in the final
solution,

£+ MNoments cen be combined vectorially in ezactly the same manner as
forces and can also be solved for by the same methods.

-5_.24
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A

ENERGY ABSORPTION TESIS.
GENEEAL.

1. As stated in CAR 04.440 the shock-sbsorbing system must so limit the
acceleration in specified drop tests (CAR 04.2411 end CAR 04.2420) that
the ultimete loed used in the design of any member is not exceeded. In
general this is interpreted to mesn that the mcceleration recorded in drop
tests should not exceed the ultimate load factor for the comdition being
tested. In infrequemt cmses the ultimate load factor is exceeded in a
drop test but, due Yo mergins of safety, the uitimate stremgth of any
member 1s not exceeded. In such cases the true mergins should be listed
in the enalysis. Drop tests alone from the required height are not acceptable
as proof of strength. Any yielding of structurel components in drop tests
will be subject to review and further considsration.

2. Mony cases arise which involve approval of s higher gross weight, the
necessary greeter height of drop, ahd/or the use of different tires from
those used in the original dop test. In same such cases it may be possible
to demonstrate compliance with the requirements without an sdditional drop
test. In general, however, time and expense will be saved if' such changes
are anticipated and substantiated at the time of the original drop test.

3. In the drop test it is acoepteble to allow for the effect of wing 1ift
present in the landing maneuver only when such effect is substantiated,
i.0.. wher g compietely rational analysis of the problem is made.

MATIN GEAR TESTS - FIRST METHOD

1. The Pirst method of testing involves dropping the fuselape or
equivalent structure with the complete landing gear attached. 4
besm with the proper location of landing gear fittingsmay be con-
gidered as equivelent structure. Tests should be made for either
the three-point or level landing condition, whichever is criticel
with respect to energy sbsorption, i.e., whichever (in the case of
conventional gear) inyolves a smaller component of wheel travel
(relative Ho the airplane) in the direction of the resultent exter-
nal force. See E below for considerations in the case of nose wheel
type gear. However, tests should also be made for the other condi-
tion if it imvolves highér bending lozds in the shock absorber than
does the critical conditionm.

2. For the three-point landing test the reer end of the fuselage is
held in place on the floor as shown in Fig. 29. For the level land~
ing test the rear end of the fuselage is reised until the center of
gravity of the loaded airplane is vertically ebove the wheel axles,
or until the fuselsge is inclined at s nose-down angle of 14 degrees,
whichever is reached first. The rear end of the fuselage is then
held in this position, as shown in Fig. 29. Care should be taken,
perticularly in the level landing drop test, to restrain the rear
end of the fuselage from rising as a result of the impact. When the
airplane is in position far the drop it is sdvisable to place sand bags
under the structurs nesr the CG to mirimize the damege in case of
failure.

05m2 6
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i)

ARRANGEMENT FOR
THREE PCINT DROP

ARRANGEMENT FOR
LEVEL LANDING DROP

Height %/ Drop £ 2 é &

(Ref. CAM 04.340-B)

FIG.29 SET-UP FOR LANDING GEAR DROP TEST
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3. The accelerations should be obtained by use of a recording ac-
colerometer, a space~time recorder, or other sultable means attached
or connected as close te the CG as possible. The NACA hes a mumber
of accelercmeters which are spproved for this purpose and will lend
them to manufacturers on request. In this connection it should be
noted that when accelerometers are used they should have & very short
natural period, i.e.s 1/20 second or less. In gensral the use of =
recording device in which & mass travels an apprecisble distance will
be questioned.

4. The followlng progedure should be observed in condueting the tests:

a. For tests in the level landing attitude the weight on the main
wheels should be the full gross weight of the airplane. XNote
that this does not require that additional weight be used %o
duplicates the stress analysis resultant load which includes the
vortical and aft compoments. In the three-peint attitude the
woeight on the main wheels should be the static reaction for this
attitude with the full gross weight at its most forward €G
locatien.

b. The tire pressure should be the same as that recommended by the
Tire and Rim Association for use in service. Likewise the
proper fluid, fluid level and air pressure (if any) of the shock
sbsorber shoula be used.

c. & hoisting sling with a quick-release mechanism is attached
to the fuselage near the center of gravity. By means of this
hoist the front end of the structure is raised until the tires
are clear of the floor by the desired amount. When using the
tape type space~time recorder it is desirable to merk the
Pstatic™ and "clear™ positions on the tape.

d. The floor, or a steel plate placed under the tires, may be
greased if desired to prevent the tires from rolling off the
rims if there is asppreciable side movement of the whesls.

e. The quick-release is operatsd, sllowing the structure to drop
freely.

5. It is advisable fat the drop height be inoreased by increments from
some low value until the height specified in (AR 04.2411 is attained
so that unsatisfactory charmcteristics can be detected before the gear
is overstressed. Note that the specified height is messured from the
bottan of the tire to the ground, with the landing pear extended to its
extreme unloaded position.,

6. The final test should be witmessed by & representative of th? .
Administretor. The menufacturer's report should include, in addition
to other date (see CAM 04 .,032-4), the accelerometer records'or exact
copies of them, with the megnitude of the meximum scceleration o
determined snd marked therson. A record of the meximum Tire deflection

should alsc be given.

95-28
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C MAIN GEAR TESTS - SECOND METHOD

1. The second method of testing involves dropping the shock absorption
unit, including wheel and tire sssembly, in a special Yest rig. When
using this method it is strongly recommended that the actusl linkage
ratios (wheel travel to shock absorber travel) be duplicated, and that
bending in the shock sbsorber member (if present in service) be simulated
in the test. When this is impracticeble it will be acceptable to use the
"in 1line™ method (wheel, shock-gbsorber and load in line) outlined below
provided that the following points are observed:

8. Prior to final tests the propesed test procedure should be zub-
mitted to the Administrator for ruling as to its acceptability.

b, Drops should be made from several different heights in order
to establish the trend in sccelerations.

ce The Min line® method is hot recommeided when the walues of K
(see 28 below) exceeds 1.75. :

do A margin between the developed acceleration and the ultimate
load factor, proportional to the degree of bending present in
service and the pertinent valus of E, should be shown.

2. The following procedure should be observed in setting up for
"in line™ drop test;

a8, Determine the value of K (ratic of the static load on the strut
to the static load on the tire) for the eritiocal condition being
simulated in the test (See B sbove and E below for considerations
involved).

h. TUse a test weight equal to K times the static load on the tire.
Of this best weight, the "unsprung™ or "semi~sprung®™ portion of
the jig weight, i.e., that portion of the jig weight which moves
vith the wheel, should be held to the minimum practicsble.

c. Replace the original tire with a +tire having a load deflection
curve each ordinate {load) of whick is K times the originml
value and each abséisse {deflection) of which is approximately
1/K times the original wvelue, the original values being those
for the tire actually used. In addition, the maximum deflection
of the test tire should be limited to l/K times the meximum de-
fleetion of the original tire. It may be possible to cbtain the
above characteristies by changing the inflation pressure of the
original tire and by using stops.

d. The height of free drop shouléd be 1/K times the-height specified.

e. The foregoing adjustments are necessary in order to reduce to =
minimum the errors in Impact energy. piston wvelocity, and shock
strut load. Note that such errors increase with an increase in
the value of K.
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TESTS OF TATIL WHEELS AND TAIL SEIDS.

l. Tests for the energy ebsorption capacity of the tsil wheel assembly
may be made in & menner similar to that used for testing a complete main
geer assembly (See CAM 04.340~B), except that the tests need be made only
for the three-point condition. The test load may be obtained by loading
the fuselage or by concentreting the required mass over the tail wheel.

2. n conducting these tests the front wheels rest on the floor while

the tail is raised the required distence (See CAR 04.2411) and dropped.

The accelercmeter or space-time recorder tape is attached to the structure
at a point over the wheel., Drop tests of complete mssemblies, or "in-line®
drops made in test rigs (See CAM 04.34-C), are equally scceptable.

3. Tests for the energy sabsorption ecapacity of tail skids chould be con-
ducted in a meanner similar to that owtlined sbove for tail wheels .

IESTS OF NOSE-WEEEL TYPE GEAR

l. TIn general, the tests of main wheel and nose wheel installations
uey be made in accordance with the methods oubtlined in A to C sbove.
The tests of ech installation should be made for the most critieal
(most unfavorable with respect to shock absorption) of the conditions
outlined in CAM 04.240-2e through 2e. Bach of these conditions is as-
sumed to be produced by the free drop from the height specified in
CAR ©04.2411. In determining the c¢riticel conditions, consideration
should be given to the value of the component of wheel travel (relative
to the airplare) in the direction of the resultant externsl force and
also to the magnitude of this foree. In general, the highel the force
and the smaller the travel, the more critical the condition. In cases
where question arises ss to the appliesbility of the design conditions
used it is advisable %o conduct sctual landirng and taxiing tests with
one or more accelerometers instelled in the airplane.

2. In all cases the proposed test procedure, together with details of

the instellation, should be submitted to the Administrator for comment prior
to the btests.

TESTS AT PROVISIONAL WeIGET

1. TWhen advantage is taken of the provisions of CAR 04.711 in design-
irg the landing gear only for the standard weight, it is necessary to
show that the airplane is capable of safely withstanding the ground

shock lcads incident to taxiing and taking-off at the provisional weight,
This can be demonstrated by showing that the mccelerastions developed in
taxiing and teking-off over rough ground (off runway)are such that the
limit load for any landing gear member is not exceeded. The accelerations
developed in these tests should be obtained by means of a reccrding ac-
celercmeter. :

03=30
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PROOF OF FUSELAGES AND ENGINE MOUNTS
GENERAL

1. In addition to determining the loads in the main structursl members
of a fuselage, the local loads imposed by the internal weights which
they support should not be overlooked. This epplies particularly to
members which serve both as a critical portion of the primary structure
and as & means of support for some item of apprecisble weight. Also,
whenever critical, conmtrol system loads which occur in the specific
flight or leanding conditions should be combirned with the primary "loads.
- The combined stresses should be determined in such cases.

STRESS ANAIYSIS PROCEDURE

l. Weight Distribution., All major items of weight affecting the fuselage
should be so distributed to convenient panel points that the true center

of gravity of the fuselage and its combtents is mmintained. A suitable ver-
tical division of losmds should be ineluded. The following rules should

be followed in computing the panel point loads for conventiovnal air-
planes:

a. The waight of an item located between two adjacent panel
points of the side trusses should be divided between those
panel points in inverse proportion to the distance from
ther to the center of gravity of the item.

b. The weight of an item to the rear of the tail post or for-
ward of the front structure should be represented in the
table by a load and a horizontal couple at the tail post or
front frame, as the case may be.

¢. The weight of an item supported at three or more panel points
should be divided between those points by the eid of an in-
vestigation and analysis of the method of support, if prac-
ticable, When a rational amalysis is not possible, the divie
sion may be estimated.

d. In 8ll cases the moment of the partial panel loads due o any
item about an origin nesr the nose of the fuselage should be
equal ‘to the moment of the item about thaet crigin.

e. All loads may be assumed to lis in the plane of symmstry and
to be divided equally between the two vertical trusses of the
fuselage.

2. Balancing (Symmetriecal Conditions). Methods of balancing the air-
plane are discussed in CAM 04£.218., It will, in general, be satisfac-
tory to apply directly the balancing loads found in the various flight
conditions. The acceleration factor applied to emch item of mass in
the fuselage will be the net acceleration factor as determined from the

Iz ey
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balancing ecomputations. The basic inertia forece on any item will be
parallel to the resultant exbernal applied force amd will not, in genw
eral, be perpendicular tc the thrust line. In certain cases the chord
comporients of the inertia forces (i.e., the components alopng the thrust
line or fuselage centerline)} can conveniently be combined into a single
force applied a2t the nose of the fuselage. This procedurs permits the
ugse of vertical inertia loads but it should not be used unless it is
obviously conservative for the oritical fuselage members.

2. Balancing {Unsymmetrical Conditions). In eny condition involving
angular acceleration about a given axis, the inertias forece applied to
the structure by eny item of weight is proportional to the mass or weight
of the item and to its distance from the axis of rotation. Each angular
inertia force will act in & directlion perpendiculer to the radius line
between the item and the axis of rotebion. In order to facilitate the
anglysis of a cordition involving both linear and angular accelsration,
the loads produced by the linecar acceleration should be determined sep-
arstely from those produced by angular accelearation. When unbalanced
external loads are applied this involves the determination of the megnim
tude of the net resultant extermnal load and its moment arm ebout the

proper axis through the (G of the airplane. It will ususlly be ac-
copteble, in analyses of this nature, te represent the weights of
major items such as wing panels, nacelles, ete., by assumed con-
centrated masses at the centers of gravity of the respective items.
Pig. 30 illustrates spproximate methods by which the fuselage can be
balanced for a typieal unsymmetricel landing condition (one-wheel
landing).

a. Fig, 30a shows a level landing condition in which the re-
sultant load does not pass through the center of gravity.
In such & case it will generally be acceptable to apply a
balancing couple composed of a dowmward force acting near
the nose of the fuselage and an equal upward force acting
at the same distance to the rear of the center of gravity.
These arbitrary forces can be considered as approximately
representing angular inertis forces and they may be divided
between the nearest panel points, if desired.

be Fig. 30b indicates an acceptable method of balancing ex-
ternally applied rolling moments about thelongitudinal axis,
The forces resisting angular acceleration are sssumed to be
applied by the wing, The arbitrary location shown 1s based
on the fact that the effectivensss of any item is proportional
to its distance from the center of gravity. The balancing
loads may be assumed to be vertical, although they actually
act normal to a radius line through the center of gravity of
the airplene. If nacelles or similar items of large weight
are attached to the wing, the balaneing couples can be divid-
ed between nacelles and wing panels in proportion to their
effectiveness. This type of balancing applies also to side
landing conditions, ineluding those for seaplanes.

+3=32
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¢c. Pig. 30c shows an approximate method for balsncing a mament
gbout a vertical axis. This cendition exists in a cne-wheel
landing. It is conservative (for the wing attachment members)
to assume that the balaneing couple is supplied entirely by
the wing. The magnitude of the unbalanced moment sbout a
vertical axls is, however, relatively small in the design con-
ditions required in CAR 04. In order %o secure ample rigid-
ity against loads tending to btwist the wing in its own plane,
it may scmetimes appear andvisable to check the wing attachment
meubers or cebane for a greater umbalanced drag loed mobing at
one wheel, or for a side load acting at the tail.

d. It should be noted that the balancing couples shown on Fig.30
will mct in addition to the inertia loads due bto linear accel-
erastion. For insbtance, in Fig. 30b the load V shown &s a re-
action at the CG sctually represents the inertia loads of all
the oomponents of the sirplane. Those due to the wing weight
will act uniformly on each wing panel and will be added arith-
metically to the forces representing the angular inertia effects.
This applies also to the other cases illustrated.

SPECIAL ANALYSIS METHODS

1. Torsion in truss-type fuselages. In anelyzing cozmventiomal
truss~type fuselages for vertical tail surface lomds it will be
found convenient to mmke simplifying assumptions as to internal
load distribution. The following methods may be used for this
purpose, the first method being mors comservative than the seconds

8. The entire side load and torque may be assumed to be re-
sisted only by the top and bottom trusses of the fuselage.
The distribution to the trusses can be ocbtained by taking
morents about one of the truss centerlines at the tail post.

b. Por the structure aft of the resrmost bulkhead the tail load
may be represented by a side load acting at the center of the
tail post and & couple equal to this load times its vertical
distanve from the cenber of pressure of the vertical %ail.
The side load may be assumed to be divided equally between
top and bobttom trusses. For the structure forward of the

. rearmost bullchead the tail load may be represented by =z side
load acting at the center of the tail post and a torque act-
ing et the rearmost bulkhead equal to the tail load times
the vertical distance from the center of pressure of the ver-
tical tail to the center of this bulkhesd. This side load
mey be assumed to be divided egqually between top and bothom
trusses. The assumption may be made that the torque (not the
forces composing the equivalent couple) is divided equally
between the horizontal and vertical trusses. The couples
acting on the dbulkhead and resisted by the top, bottom, and
side trusses can then be readily obtained. Stress diagrams
should be drawn for the trusses to obtmin the loads in the
members. The longeron loads should be taken from the diagrams
for the horizontal trusses or vertical trusses, or taken as
the combined loads from both trusses, whichever are largest.
(This arbitrary practice is advisable on account of the un-
certainty of the load distribution betwsen trusses)

0 d=34
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c. The diagonmals of the rearmost bulkheads, i.e., the bulkheads
through whick the torgue is btransmitted to the wing, and of
all bulkheuads adjacent to an urbraced bay, should be designed
to transmit the total torgue. Intermediate bulkheads should
be designed to transmit 25 percent of the total torqus,

d. In some cases the loads obtained in the bottam truss members
may be quite small. In such ceses it should be noted thet it
is desirable to maintain a high degree of torsional rigidity
in the fuselage and that the rigidity of the top truss will
be completely utilized in this respect only when the bottom

_ truss is equally rigid,
, Engine Torque. In investigating the conditions involving engine
rque , the following points apply:

e. The basic torque may be compubed by the following formula:

63,000 P/N, where

torgue ir inch pounds,

horsepower of engine,

propeller speed in revolutions per minute.

o

g3 e

b. The resulting moment is taken ecare of by an unsymmetrical
distribution of load between the wings and by forces in the
fuselage cross dracing. In certain cases, especially wher
geared engines are used, the stresses dus teo the torgue
should be computed for all fuselage mewbers affected, the
necessary reactions being zssumed at the connections of the
wings with the fuselage. Otherwise the following approx-
imation may be used for nose engines. The torque load is
assumed to act down on the engine bearer and to be held in
equilibrium by vertical forces acting at the main connec-
tions of the wings with the fuselage, the engine bearsr and
the members of the fuselage side truss being assumed to lie
in a single plane parallel to the plane of symmetry.

¢. When a direct-drive engine is carried by engine besrers that
are supported at two or more points, the torgque load should
be divided betwsen the points of support in the same propor-
tions as the weights carried by the engine bearer. When an
engine is supported by a vertical plate or ring, the torgue
can correctly be assumed to act at the points of attachment.
(The dead weight of the engine, however, should be assumed
to act at the center of gravity of the engine.)

de In combining the torque condition with any other loading con-
dition, for a symmetrical structure, the stresses due to
torque are to be added arithmetically, not algebraically, to
those obtained for the symmetrical losding condition, beecause
if the forces induced by the torque load in any member are
opposite in charaeter to those due to the dead weights there
will normally be & corresponding member on the opposite side
of the fuselage in which the forces due to the torque loeads
and weights will be of the same character.
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e, In analyzing an engine mount structuwre, care should be taken
to distribute the torque only to those members whigh are able
to supply & resisting couple. For exampls, in certsin struc-
tures having three points of support for the engine ring, it
may be necessary to divide the entire engine torque into a
single couple, applied at only two of the supporting points.

D ANALYSIS OF STRESSED-SEKTN FUSELAGES

1. The strength of skin-stressed fuselages is affected by a'large
number of factors, most of which are difficult to account for in a
stress analysis., The following are of special importance:

a, BEffects of doors, windows, end similar cut:outs.

b. Behavior of metael ¢overing in compression ag & shear
web, including the effects of wrinkling.

c. Strength of curved sheet and stiffener combinations,
ineluding fixity conditions and curvature in two di-
mensions.

2. Trus location of neutral axis and stress distribution.

e. Applied and alloweble loads for rings and bulkheads.

2. Unless a fuselage of this nature conforms closely to a previously
constructed type, the strength of which has been determined by test,

a stress anaslysis is not considered as a sufficlently aoccurate mesans

of determining its strength. 1In all cases, the stress analysis should
be supplemented by pertinent test data. Vhenever possible it is de~
sirable to test the entire fuselage for bending and torsiom, but tests
of certain component parts may be acceptable in conjunction with a
stress analysis., As this subjeet is now being invesbtigated by the NACA,
the latest information should be obtained from that organization before
the stress analysis or test methods are decided upon.

37 PROOF OF FITTINGS AND PARTS

l. In the analysis of a fitting it is desirsable to tabulate all the
forces which aect on it in the wvarious design conditioms., This procedurs
will reduce the chaneces of overlooking some cumbination of loads whiech
are critieal.

2. The additional ultimate factor of safebty of 1.20 for fittings

{CAR Table 04-7) is to account for various factors such as strees con-
centration, eccentriceity, uneven load distribution, and similsr features
which tend to inerease the probability of failure of a fitting. As

noted in the Table, this fector mey be covered by several other factors
so that when the ultimate factor of safety for any portion of the strue-
ture equals or exceeds 1.80 the fittings included in this portion are

not subjecet to sn incremse in factor ebove the velue used for the primery
members. ‘ : ’

-

2536



CIVIL AFERONAUTICS MANUAL 04.4
o

04.4012

1. Materials and processes conforming to the specifications of the
Army, Navy, S.A.E. or other responsible agencies are satisfactory.
It is important that miniwum specification values of strength prop-
erties given in ANC-5 be used rather than ™typical™ or "average®

2. Tolerances should be closely held in order that the assumed or
tested structure is acecurately reproduced. Metal sheet and tubing
zages usually conform to well established specifications. Tolerances
on machined parts are based on general practice and will vary from
sbout + ,016 inch to values necessary toseeure interchangesbility of
mating parts. Tolerances on sheared and nibbled parts are usually
+ l/ng inch, Minus tolerances on section dimensions of wood struc-
twral members such as mpars should not exceed 1/64 inch in the fully
sensoned condition unless Jjustified by check of margins. Plus toler-

3. Long assemblies such as spers with a larpe number of rivets will
Merow™ slightly as the riveting progresses. End fittings should
theref'ore be jig installed as a last operation. A similar procedure
is followed with welded assemblies. Heat treating of long welded
structures results in shrinkage and in extreme cases allowsnces for

1. High grade casein, animel, and synthetic resin glues are satis-
faotory. Details of composition and methods are given in Appendix IV
herein. It should be noted that condition of the suwrface, moisture
content of the wood, gluing pressure, and protective coatings as well
as other factors play an importent part in the mesking of acceptable

1. Accepbable practices and further references are discussed in Ap-

o4 DETATL DESIGN AND CONSTRUCTION
400 . MATERTALS AND WOREMANSHIP
values.
ances are limited by assembly considerations.
this must be made.
+4010 GLUING
Joints.
«4011 TORCE WELDING
pendix IV herein.
4012 BIECTRIC WEIDING

1. TWhen arc welding is used the information needed for approwml may
be met by specifications or reports covering the followings

. The type of equimment %o be used and the proposed scope of
application of the process.
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b. The proposed minimum requirements established for welders.
covering quelifying tests, experience, ete. Reference to
Air Corps Specification 20013-4 ™Welding Procedure for
Certification of Welders™, if this specification is used, is
sufficient in this connection.

c. General procedure covering polarity, are length, allowable
voltage wvariation, electrods type and msterial, and ident-
ification of each welder!s work.

de Detail procedure for each combination of metals covering
size and material of electrode, amperage and voltage for
various gages of material.

6. The method of contrel including best sand inspeotion procedure,
ete. In this connection, sketches of the proposed standard
test samples, a sample test report sheet, and a statement
concerning the frequency of sample tests, should be submitted.
Use of the Specification noted in b above is considered suf-
ficient in this commection.

f. Drawings of parts to be welded.

2. When spot and/br seam welding are employed the information reguired
for approval is similar to that required for the approval of arc welding,
except that greater importance is attached to the equimment control means
and the detail design of the pertinent joint than to the requirements for
‘welders.

5. When the experience of a menufacturer and the reliability of the prod-
uct has been demonstrated by him to be satisfactory, a blanket approval
may be granted for his use of the proosss, i.e., he need not obtain ap~
proval of each subsequent speecific application.

PROTECTICN

1. Paints, varnish, plating and other coatings should be adequate for
the most severe serviece expected. Information on the subjeet of protec-
tion is availsble from paint and varnish manufacturers as well as from
metal and alley producers, Reference may also be made to Appendix IV
herein. BExpensive changes dictated by serviee experience willbe avoided
if the question of protection iz considered in the initisl design stages.
In addition to surface protection it is essential that moisture-trapping
pockets and clossd non-ventilated compartments be avoided. This is par-
ticularly true with light alloy and plywoed structures. Drain holes
should be provided at low points. ‘

2. Two méthods of specifying protective coatings are in general use. In

ons the various operations or code symbols therefor are listed on the
pertinent deteail or assembly while in the other method a specification

o4=2
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listing the operation and the mmbers or classes of the parts to be

sc treated is preparsd. The latter is more flexible when various
agencies are being dealt with. Date submitted to the Administrator need
cover only the minimum protection to be employed.

015 INSPECTION
1. Points most frequently in need of inspection are main fittings, control
linkeges, cables at pulleys end at fairleads end all moving parts and
locations where wear is likely to occur or where lubrication is required.
This includes all points where bolts or pins are installed as beering
surfaces which are subjsct to sny movement and wear., Satisfactory inspection
end servicing of these end other peints cemn only be carried out if the size
and location of inspection opemings are such as to give asdequate accessibility.
Particuler attention should be given to providing openings meking it possible
to inspect for rust or corrosion where dust, sand or moisture is likely to
asccurmlate. Careful atbtention should be given to the tail section of the
fuselage in this regard.

02 JOIRTS, FITTINGS AND COMMECTING PARTS

1. These parts continue to be the most eritical siructural elements.
Fo specific rules can be laid down but some of the mors importent con=
siderations follow. The type of fitting is meinly dependent on the
magnitude of the loads involved and the nature of the parts being con-
nected. The material should be chosen after consideration of such
factors as corrosion, fatigue, bulk, weight and production ease. It
should be possible to inspect, service and replace each vital fitting.
Points sometimes over-looked in the detail design of fittings include:

a. Stress concentration, either from section changes or from
welding or hest treating effects.

b. Adequate allowance for flexibility of parts being joined.

¢. Specifying proper surface condition, i.e., a rough turning
job on a highly stressed part invites cracking and failure.

2. In the design of fittings at the end of wood spers there is a
tendency to crowd bolts too close to the spar end in order to secure =
more compact fitting. This sometimes results in a shear failure of the
wood along the grain, even though the design load in the tension direc-
tion is samll. To reduce the possibility of such failures bolt spacings
and end marginsg should be in sccordance with Fig. 2-4 of ANC~5.

3. In using extruded sections it should be borne in mind that the nature

of the extruding operation produces in effeect a longitudinal grain struc-
ture. Fittings therefore should be designed to avoid eritieal Meoross-grain™
loading.

4. Fitting drewings should include tolerances for dimensions of critieal
sections, such as lugs, in order Yo maintain the required strength proper-
ties,

5., Some examples and discussion of good and bad fitting practice are given
in Appendix IV herein.
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Fig. 51 SUGGESTED CASTING FRACTIGE
Bef, CAM 0£.4023
ALLOY MINIMUM | JUINIMIRE MAXIMOM 1
FILIET szorton(3) RATIO OF revanes (1(2)
rapros (3 (Webs,ote.) ADIACENE ¢,
SEoroNs
ALUMINUM - TUsed where strength is not primary considersw
Xloos 12, 43, 1/8" 1/8" tlon. Alcon 12 (SAE Noe33) should not be used
ate., and . where subjest Lc shook or impeot, due to its
equivalent low olongetion (2%)s Alcoa 43 {SAR No.35) and
356 alloys which have high slilcon oomtent mre
uged where leek-~proof or complicated castings
are required,

ALOMING - R Mogt eluminum elley structural castings are made
(ELgh~Strength) 3/16 5/32 » 3/16" 331 of the 196 or egquivalent msterisl, The 230 alloyl
Aleos 195,220 (1/8" ir structurally] 1s superior for shook end impact loading but

eto., and wnimportent ) omstings should be simple due Yo the difficulyy
squivalent ir seouring satisfectory complex cestings.
" N Red brass such as SAE No, 40 or Federal Specifiw-
BRASS, 28 1/8 ontion QQ-B=891, grade 2,ig used in fuel end odll
‘BRONZE line fittings, Fhogphor Bronze (SAE No.84 snd
Nou65 or Federsl Bpecification QQ-B-691 grade 6)
is used for sntiwefriction imstellations such as
bushings, nuts,- geers end wern wheels. Mangensse
and eluminum bronzes (SAE No,.43 and Ne.68 or
Federel SpecificatiorsQQ-B-726 sud QR-B=691)ere
uged where meximum strength ehd hardness ere
deaired.
MAGNES IO 148" 5/32" Hot reccmmended for uge at oleveted temperatures
] (50% proater than (limit approximately 400°F) or ir exposed loce~
aeluminum preferred) tlone on seeplemes. Particulsr caere should be
observed in protecting against corrosion and
: - electrolytic action,
STEEL A /s 52 TUsed primarily for hesvily loaded parts such ag
(1/2" preferred) in lending geer of large aircraft, Alloys used
include chromesmolybdenum, nickel end mangsnese
When using high wltimete tenslleestrengths the
offect of the corresponding low elongetion
ghould be considered.
(1) For allowable eiresses see ANC-G "Strength of Alreraft Elemenmbs!.
(2) Fo? additional factor of safety see CAR 04, Tabla O4-Ts When
using this faotor the BO% stress redustion ncted in ANC=5 mey be dlsregarded.
{3) Larger values should be used whora possible.
(4) Highly deperdent on other fectors.

FiG. 3l

SUGGESTED CASTING PRACTICE
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BOLTSs PINS AND SCREWS

1. Approved locking devices include cotter pins, safety wire, peening,
and, with certain restrictions, Elastic Stop nuts snd Dardelet Threaded

parts.

2., Restrictions on the use of Elgstic Stop Nuts are as follows:

Bo

Two types of nuts, i.0. (1) fiber insert and (2) metallic

insert (Hytemp), are approved subject to the following

general restrictions:

(1) They should be mede to conform to Army cr Navy makerisl
specifications.

(2) They should not be used at joints which subject the
bolt or mut to rotation

(3) Bolts mst be of such length thet completely formed
thread extends through the nut.

(4) They should be called out on the pertinent drawings
submitted to the Administrator. '

(5) Huts of the fiber insert type should not be used
where subject to temperstures in excess of 250°F.

(8) Nuts of the metallic type (Hytemp) should not be

used for primary structural comnectioms in the

following specific appliecabtions:

(a) They should not be used to attach wing panels,
fins and stebilizers.

(b) They should not be used in the conmtrol system,
ineluding surfaces, hinges esmd bracket attach-
ments thereof. '

(e) They should mot be used to attach exhaust mani-
folds and similer items where the temperature
mey exceed 600°F.

3. Restrictions on the use of Dardelet Threaded parts follow:

B

The parts must be manufactured by a licensee of Dardelet
Thresdlock Corporation under the terms of its liosense
agreement. (Note this covers manufacturing considerations
peculiar to this desigr.) '

They should be made to conform to Army or Navy material
specifications.

They should not be used at joints which subjeet the bolt
or nut to robtation..

Bolts must be of such lsngth that completely formed thread
extends through the nut,

They should be called out on the pertinent drawings sub-
nitted to the Administration.

o4=5
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4023 CASTINGS

1. Castings should be obtained from a relisble source with experience

on similar type castings. Such castings should inocorporate generous
fillet radii, smple draft, and gradual changes of section. Sound castings
can only be secured by proper consideration of and allowance for the flow
of molten metal in the mold. Casting drawings should be "load marked",
1.84es the directien and approximate mesgnitude of the design loads should
be shown., It is then possible for the foundry to cast the densest and
soundest metal at the critical sections. Finished swrfaces should end

in redii at inside cormers to prevent stress concentration. Same of the
more important desigh and drafting eonsiderations are given in Fig.31.

It should be emphasized that these are not given as requirements but
merely as values and points found acceptable in general practice. Refer-
ence should be made to trade literaturs of the various metal and alloy
producers for additional informstion.,

2. As with other aircraft parts., the acceptance of castings for
primary structure is predicated upon thorough and adequate inspection.
It is customary to test and section or to X-ray the first castings of
a new part in order to be certain of good design and satisfactory
foundry %echnique. Production runs may be inspected visually in con~
Jjunction with occasional tests for verification. Hardness testing of
the castihg and physicaltasts of test coupons cast with the part are
also vsed. Steel castings with smooth surfaces may be inspscted by
magnafluxing. X-raying provides an excellent means of thoroughly in-
specting tastings if the results are properly interpreted, i.e., by
an expert.

«403 TIE RCDS AND WIRES

l, TWhen unswaged threaded~end tie rods are used, particular attention
must be paid to the end comneetions to insure proper aligmment. The

~wires should be so carried through sleeves or fittings that any bending

is limited to the unthreaded portion of the rod. Where this is not

done , even small bending stresses may soon cause fatigue failure at the
thread roots. High margins should be incorporated since practically all
workirg from tension loadsywith attendant stress concentration, will occcur’
in the threaded portion. Swaged tie rods are considered much more satis-
factory and may be no more costly in quantities, A satisfactory locking .
means should be used. Check nuts have been found acceptable for this pur-
pose, when employed on terminels not subjected tec appreclasble vibration.

04—6
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FLUTTER PREVENTION MEASURES
GENERAL

1. Flutter is a violent self-induced vibration of a body re-
aulting from a coupling of aerodynamic, elastic and inertia
forces acting upon the body. For detailed information on
flutter theory and its application, reference should be made
to one or more of the following:

Theodoresen and Carrick -~ "Mechanism of Flutter® NACA TR 685
Kassner-Fingado - "The Two Dimensional Froblem of Wing Vibration?
Translation - Journal Royal Lero Society,
October 1937
Kissner — "Status of Wing Fluttern
Translation - NACA TM 78, Jamary 1236
Lombard - "Conditions For The Occurrerce of Flutter®
California Institute of Technology Thesis (1939)

. Reference to other work will be found in the bibliographies con-

tained in the above, The study of flutter is passing through a
period of rapid development and it appears that a better and
more accurate widerstanding of the inter-relation of rigidity,
mass properties and frequencies and their effect upon fluiter
will soon emerge.

2+ Tlutter theory is in general based upon true velocity and
sea level atmospheric conditions. For this as well as other
reasons an ample margin, partictlady on high performance air-
craft, shonld be maintained between the computed flubtter speed
and the agtual dive speed attained in tesbting. The trend of
critical flutter speed with altitude may be expressed thus:

“\\\L{— SPEED OF SOUND
T~
V B T
JNDICA?ED
a0
o 24000

0 ALTITUDE

bt values for specific cases will be depemndient upon wing
weight and other factors.
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5. For wings, the use of the fundamental theory of Theodorsen
has been simplified for certain cases by the work of Bergen
and Arnold (given at the Institute of the Aeronautical Sciences
meeting at Los Angeles in June 1940) who treat the special case
of wing bending-azileron by a graphical method, and Wylie (un-
puliished). In addition, for civil aircrafi, conventional size
and performance, the use of a suitahble wing torsional rigidity
criterion, together with proper observance of other measures,
provides adequate insurance against flutter.

4, For control surfaces, recent unpudlished Air Corps studies
{(Dent and Smilg) indicate that a relationship:

‘where Vg = Flutter Speed
Flutter F = ¥Freg. Fixed Surface
F‘:‘\%—'c- : A = Area Mov., Surface
| No Flutter X/I = Balance Coefficient
: of lovable Surface

¥/1
holds considerable promise, and they mmve tentatively estab-
lished a number of check points on the curve. The basic
similarity of the above curve to the usual Kissner formula of:

Vg = F G,
3

whare

]

. F = Oritical Frequency

C = Wing Chord .
" K = Reduced Frequency Coefficient (Dependent on
particular characteristics of the airplane)

it

is apparent, since both show an increase in flutter speed with
an increase in frequency or size_of the airplane, other factors
remaining comstant {both C and 1A being dimensionally length
units).

5. By replotting the Air Corps data on the sScales used in Fig.
32A, the following is obtaineds

Values of R/X
K/1 3Q00 ete.

Vg.
«4=8
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If the results of further study and experience warrant, suitable
modifications to the X/I - Vg relation shown on Figures 324 and
32B will be made.

6. In general, the various limiting values given hereafter to
rigidity, mass balance and freguency ratio, and the practices

on detail design should be closely observed, As indicated

above, however, rapid progress is being made toward a better
understanding of the problem, and for nmew aircraft, therefore,

it is recommended that an outline of the proposed flutter pre-
vention measures be submitted 1o the Administration for examination
and comment as early in the development as possible. The

Flutter Conmtrol Data Form No. ACA-719 (Teble Vb) used in the Pinal
vibration testing was evolved for the dual purpose of simplify—
ing submittal of data and of facilitating study by the National
Advisory Committee for Aeromautics and other interested govern-
ment agencies through a more rapid collection of information.

RIGIDITY

1. This factor is of first importance, sinece coupling (and con-
sequently flutter) can only occur tlrough deflection, However,
increases in aircraft size, a trend toward thimmer airfoils,
prevalence of discontinuities and cutouts, and weight limitations
make necessary the esbablishment of minimum accepbable rigidities.
Rigidity may be represented in terms of fremencies, and often
is in flutter theory.

2. Wings. The torsional rigidity of wings is highly important.
This shoild be investigated by means of a wing torsion test
(CAM 04.31E) unless other adequate data are submitted. Figure
32, a development of en esrlier curve of the same

muber, ut based upon considerably more information including
certain Navy data, indicates wvalues of Cpp which have been
found satisfactory for conventional designs., If the test is .
conducted on a fabric covered wing with taut fabric, an allow-

" ance of approximetely 10% (dependent somewhat on the size of the
wing) shaild be made for the effect of fabric aging. Since the
actual torsional deflection of the wing will depend upon the
moment, coefficient of the airfoil employed, it is advisable to
introduce the additional criterion that the maximum torsional
dgi‘lection under the 1imit load eritical for torsion not exceed
5 2

od=9
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FOR TEST METHODS AND
COMPUTATION PROCEDURE
SEE CAM 04. 3IE

VALUES BASED UPON MASS
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WITH CAM 04.404-3

IF WINGS ARE FABRIC COVERED
MAKE CONSERVATIVE ALLOWANCE
FOR FABRIC AGING .

/
/
/

VALUES APPLY TO CONVENTIONAL
WING C.6. LOCATIONS — IF CG. .
FURTHER AFT,LARGER VALUES
OF Crp SHOULD BE USED. &
(<}
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APPLICABLE TO STRESSED SKiN
AND FABRIC COVERED,AND TO
BOTH STRUT BRACED AND
CANTILEVER WINGS. CURVES —|
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dL 15 EXPRESSED N INCHES ——
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FIG. 32

REVISED 9-40
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MASS BALANCING

1, For methods of compubting static and dymamie balance values
see CAM 04.424. (The weight and static hinge moment, or C.ge
location, of finished movahle surfaces should be checked to
insure that the computed values are not unconservative.) See
paragraph F DETAIL DESIGN below, for notes on the installation
of balance weights, HNote that the specified dynamic balance
coefficient values may in some cases be influenced by the fre--
queney ratio (see Fig. 32C).

2+ OCompliance with the follawing dynamic balance coefficients
and static bdlance conditions should be shown unless other
equally effective steps to prevent control surface flutter are
shown to have been taken:

a, Ailerons. When Vg is in excess of 150 mph the dynamic
balance coefficient as computed about the aileron hinge
axis and the longitudinal axis of the airplane should
not be greater than the following value

K/I = 1.6 (3 - Vg/100)  (See Fig. 3RA)

except that it need not be less than zero. Ailerons on
internally braced wings, or on airplanes with Vg in
excess of 200 mph should be completely statically
balanced about their hinge line when in the neutral
position. ©Special consideration will be given to lesser
static and dynamic balance when the aileron control
system is substantially irreversible.

b. Rudders. When Vg is in excess of 150 mph, the dynanmie
balance coefficient of the rudder(s), as computed about
the rudder hinge axis and the axis of torsional vibra-
tion of the fuselage, should not be greater than the
value given in paragraph a. above, except that it need
not be less than zero, When rudders are not in the
plane of symmetry they should be completely statically
balanced (zero unbalance).

¢. Elevators, When Vg is in excess of 150 mph, the dymamic
balance coefficient of each separate elevator (for each
half of a continuous elevator), as computed about the
elevator hinge axis and the centerline of the intersec-
tion of the stabilizer and the plane of symmetry, should
not be greater than the following value

K/I = 3,0 — Vg/250 (See Fig. 32B)

When the rdder(s) has (lave) complete dynamic balance
about a conservatively chosen axis, a special rmiling may
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be obtained from the Administration regarding the elevator
dynamic balance if the coefficient is greater than

above specified. This ruling will be dependent on the
general design of the entire tail unit.

d. Tabs. Trim and balancing tabs should be statically
balanced about their hinge axes urless an irreversible
non-flexible tab control system is used. The balancing
of comtrol tabs will depend on the particular installa-
tion involved and specizal rulings should be obtained
from the Administration in such cases.

FREQUENCY RATIO

1., In accordance with general practice, in this discussion
frequency ratio is defined as the frequency of the movahle sur-
face divided by the frequency of the fixed surface (or other
element to which the movable surface is attached), and for a
single airfoil as the frequency in bending divided by the
frequency in torsion, thus: '

F movable surface , and
F fixed surface

F bending
F torsion

Tests conducted by the Air Corps with flutter models lave
indicated that, when the frequency ratio involving a movable
surface is greater than 1.0 the possibility of flutter in this
mode is much reduced as compared with frequency ratios less
than 1.0. A study of previous vibration test data and the
service records of the aircraft tested, together with Air
Corps test data, have indicated the desiralbility of using the
frequency ratio as ap additional limitation on the curves of
the dynamic bzlance coefficient (X/I) versus design gliding
speed (Vg), as shown in Fig. 32A for the aileron and rudder and
in Fig, 32B for the elevator.

Re This limitation is expressed as a curve in Fig. 32C. The
shaded portion marked "Approval dependent upon special con-
siderations' is considered an undesirahble range and approval

is subject to consideration of the modes involved, actual
values of frequencies, speed of the aircraft, value of K/I,
ete, For this reason it is advantageous to submit to the Adpin-
istration as early as possible in the development of a new
model an outline of the proposed flutter prevention measures.

301230 0—41—10
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3. The following frequency ratios should be determined from
the vibration test data (see CAM 04,323 and Form ACA 718) and
check against the X/I - frequency ratio limitations of Figure
32C: (For description of particular modes see CAR 04.323)

a.#* Rudder (as a unit) op * Rudders (unsym.)

Fuselage Torsion ? Fuselage Torsion
bei% Rudder (as a unit) or ¥ Rudders_(unsym,)
Fuselage Side Bending Fuselage Side Bending

Ce Rudder {as a unit)
Fin Bending

d.# Rudders {Sym)
Stabilizer Bending

e.# Rudders (Unsym)
Stabilizer Rocking about Fuselage Attachments

fo¥ FRudder (Unsym)
Fin Bending

Ze Elevator (Sym)
Fuselage Vertical Bending

he Elevator (Sym)
Stabilizer Bending

ie Elevator (Unsym) . Elevator (Unsym)
Fuselage Torsion ° Stabilizer Rocking about Fuselage
Attachments

je  Aileron (Sym)
Wing Bending (Sym)

Ke Aileron (Sym)
Wing Torsion(Sym)

1.  VWing Bending (Sym)
Wing Torsion (Sym)

Me Stabilizer Bending
Stabilizer Torsion

% Only for rudders not in the plane of symmetry.
#% Only for a rudder in the plane of symmetry.
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Balance Welght and Arm Assembly
Surface mode (see below)

Note: The eritical balance weight and arm frequency
will usually be bending in a plane normsl to the
hinge line of the surface. The surface mode would
be the one likely to couple with the abovew—such as
movable surface {sym.). It is desirable to have the
above freguency ratio substantially greater than 1.0.
However, the balance weight arm bending frequency
should also be checked in a plane parallel to the
hinge line of the surface. This may be critical for
the €levator balance weight in a fuselage side bend-
ing mode, ete.

The following special cases should also be considered for large

aireraft:

Qe

Pe

Qe

Se¥

Aileron (Unsym)
Wing Bending (Unsym)

Aileron (Unsym)

Wing Torsion (Unsym)

Wing Bending (Unsym)
Wing Torsion (Unsym)

Rudder (Torsion)
Fin Rocking about Stabilizer Attachments

Note: This would apply to cutboard vertical surfaces
disposed both atove and below the shabilizer and is
somewhat analogous to an elevator wsymmetricalme

- fuselage torsion case,

Stabilizer Torsion
Fuselage Torsion

% Only for rudders not in the plane of symmetry.

In general the natural frequency of a tab having an irreversible
control mechanism should not be less than 1500 c.p.m. In the
case of a servo tab with a frequency ratio less than 1.2, com-
plete dynamic balance should be had; i.e., K/I = 0.

DETATI. DESIGN

le Service troubles and accident records reveal that partieunlar
attention should be paid to items such as the following:

a4d=16
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a," The trailing edges of movable surfaces should be rugged
to reduce the possibility of additional weight being
added during field repairs with an adverse effect on
the mass balance characteristics.

b. Tab mechanisms should be simple and rugged to avoid
improper assembly, or the possibility of play develop-
ing due, for example, to open end (i.e., magneto type)
ball thrust bearings being inserted backwards.

¢e Provide adequate "carry through" structure to insure

2. A rugged aileron hinge bracket is of little merit unless the
rear spar to which it attaches is well restrained against
"roliingt. Likewise rugged cabane members with good angular
relations will fail to restrain the wing cellule if anchored
into eccentric apex joints.

3. The intercomnection between elevators shovld be rigid and
rugged, in order to maintain a satisfactory margin of safety
against an elevator unsymmetrical (torsion) mode of vibration.
Butt welded joints should preferably be reinforced with gussets.

4, The general principles of flutter prevention should be obe
served on all airplanes. This applies particularly to the design
and installation of control surfaces and control systems and
incdludes such desirable features as structural stiffness, re-
duction of play in hinges and contrdl system joints, rigid
interconnections between ailerons and between €levators, com-
plete static and dynamic balance of control surfaces and Hgh
damping. For fixed surfaces, such as wings, stabilizers, and
fins, it is desirable to keep the center of gravity location
of the surface as far forward as possible, Features tending to
create aerodynamic disturbances, such as sharp leading edges on
movable surfaces, should be avoided. These principles apply
also to wing flaps and particularly to comitrol surface tabs
which are relatively powerful , and correspordingly more danger-
ous if not properly designed. In the design of control surfaces,
dynamic balance should be achieved, as far as practicable, by
distributing the structural material in such a way (element by
element, sparwise) that a uniform cordition of static balance
will result without adding large amoumnts of lead. If possible,
the uwse of large comcentrated weights should be avoided, since
fatigue failures may result in the supporting arms and attach-
ments. When concentrated weights are used to achieve the
required degree of dynamic and static balance, it is a good
rule that the number of weights used be at least equal to the
nurber of hinges. The attachment of each weight should be
sufficiently strong and rigid that its freguency is above that

417
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of the surface proper. Where weights are riveted into the leading
edge of = surface mo difficulty should be encountered on this point,
but if an arm is used to support the mass, & design factor seversl
times the Condition I load factor mey be necessary for the arm and
its ettachment to the surface.

5. It should be realized that various forms of flutter are possible
end that there usually exists for each type of flutter a eritical
speed at which it will begin. This critical speed will be raised

by en improvement in the antiflutter characteristics of the perticulsr
portion of the airplane involved and may even be eliminated entirely
in some cases.

WIN: BEAM JOINTS
1. See CAM 04,402.

FABRIC OOVERING

1. Except in the case of light sairplanes, the fabric should conform with
AN-CCC-C=399 or the equivalent. The material covered by this specification
is commonly known as Grade A mercerized cotton fabrie. In the case of
light airplanes the uss of a lighter weight fabric of similaer quality,
known as Mlight airplane fabric", is accepbable. This material should be
purchased to a definite specifieation. The following wvalues are sccept-
able:

Threads per inch --- 114 warp, 116 £ill
Strength ~——-—mma—ea— 50 lbs/in warp, 40 lbs/in £ill
Weight -—---e-meeemee- 2.5 oz/sq yd.

' Tape and thread should likewise be of high quality and shonld be

purchased to definite specifications.

2. Method of Atbtaching PFaebric to the Structure. TUsually this is
aceamplished by lacing to the ribs, in which case the proper specing
of ribs and lacing is very importamt. Fig. 33, derived from extensive
experience, indicates maximum satisfactory wvalues. Other means of
attechment such as self-tapping screws, wire and strip should give
compareble support. In questionalbe cases, sketches and tests (or
test proposals) should be submitted for rulings by the Administration.

3. Dope and Other Protective Coatings. The number and type of such
coatings is usually based on such factors as the service expected,
degree of finish desired, and cost. A typical schedule for doping is
given below:

&« Two coats of clear nitrate dope, brushed on and sanded
after second coat.

b. One cort of clear nitrate dope, elther brushed or sprayed

~ &and sanded.

c. Two coats of aluminum pigmented dope. sanded after each
coat.

d. Three coats of pigmented dope (the color desired), sanded
and rvbbed to give a smooth glossy finish when completed.

o418
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MAXIMUM SPACEIG OF RIB LACING - INCHES

7
I

MAXIMUM RECOMMENDED VALUES FOR
ATTACHMENT OF FABRIC TO AIRFOILS

REF. CaM 04.415

o

CURVES PRESUME LEADING EDGE SUPPORT
REINFORCEMENT SUCH AS PLYWOQD,
METAL, OR SUB-RIBS.

IN SLIPSTREAM-
USE 75% FAGTOR FOR LACING AND RIS
SPACINGS EXCEPT THAT LACING
SPACING NEED NOT BE LESS THAN 1",

AFT OF 302 CHORD POINT-
WHEN AFT PORTION ONLY IS FABRIC-
COVERED, LACING AND RIB SPACINGS
MAY BE INCREASED BY 25X%.

MAXIMUM- SPAENG OF RIBS - INCHES
@

_b .

14 LACING TO BE CARRIED TO LEADING
. EDGE WHEN VELOCITY EXCEEDS 275 MP|
LIGHT AIRPLANE FABRIC

| (SEE CAM 04.415) ACCERT-
ABLE IN THIS RANGE FOR
LIGHT AIRPLANES @
l2 /" NS,
10
DY
o)
4.
@
\Qo \
' & N
6 <

N\

100 . . 150 . . 200

VELOCITY - MPH | oesien pive oR pesieH 6LIDE +

. 280 .| 300 e

FIG. 33 FABRIC ATTACHMENT
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Precaution should be taken not to sand heavily over center portions of
pinked tape and over spars in order not to damage the rid stitching
cords and fabric. Por further details see Appendix IV herein.

416 METAL-CCVERED WINGS
1. The covering should be suffieciently strong and adeguately supported
to withstand critical air loads and handling without injury or undesir-
able deformations. Deflections or deformations at low lomd factors
which may result in fatigue failures should be avoided. In general,,
skin which shows deformations commonly known as "oil-canning® under
statiec corditions is considered umsatisfactory.

2, In an attempt to establish an empirical method of predicting panel
sizes which will be free from unsatisfactory Moil-canning", Fig. 34

has been included as & proposal. In this case the skin thickmess and
unsvpported panel width have been considered the msin varisbles, Other
important variables include stress (if appreciable) carried by skin,
sirspeed, wing loading, and workmenship. Comments and deata on this sub-
Jeet are solicited.

«42 IETAIL DESIGK OF TAIL AND CONTROL SURFACES

1. It is very important that control surfaces have sufficient torsional
rigidity. No specific limits of permissible maximum deflection of the
surface slone ere offered, since these mey very widely with the type,

size mnd comstruction of the surface. However, the behavior of the
surface during proof tests should be closely obgerved. In addition

the effect of the control system "streteh" on the total surface deflection
under limit memeuvering loeds should be considered from the standpoint

of "surface usefulness", as described in CAM 04.43-11.

2. Clearances, both linear and angular, should be suffielent %o
prevent jamming due to deflections or to wedging by foreign objects,
3L is common practice in the design stage to incorpurate an angular
clearance of 5 degrees beyond the full %ravel limit. Surfaces and
their bracing should have sufficient ground clearance toawid damage
in opersation.

3. External wire brecing on tails is subject to vibration and the
design of the wire assembly and end connrections should be such as to
withstand this condition. BSwaged tie rods sre recomrerded, except that
for use on light aircraft unswaged rod is acceptable if the points
covered in ¢aM 04.49% are followed. Ieading edges and strubts should
have adequate strength to withstand handling loads if handles or grips
are not provided.

4, Direct welding of control horns to torgue tubes {without the use of
a sleeve) should be done only when a large excess of stremgth is indicated.

0420



12-¥

S3IZIS TINVd ACTIV WNNIANTV  $€ 'Ol

PANEL WIDTH=- INCHES

ALUNLNUM ALLOY PAN
PPORTED

UNSU

EL. SIZES FOR
SKIN (WITHOUT

APPRECIABLE

STRE

88) EXFOSED T

REF.

CAM 044!

AIRSTREAM

e
-

A
/,

/

e

&R It= 00 (FLAT)

THE USE
SUGGEST
PANEL Si

R{t = 5000

RIt = 1500

VIBRATION
CANNING.,

CONSIDER

WiLl. BE

PERTINEN]

OF THIS FIGURE (S
D N OBTAINING SKi
¢E COMBINATIONS W

ICH
IVE

EXCES
nsroawleou OR OlL-
VALUES ABOVE THE
[ CURVE WILL BE

ED QUESTIONABLE.

SKIN

R = RADIUS

HEET.

5 OF CUR

4= SKIN THICKNESSES - INCHES

[CKNESS F]

1
012

020

030

040

t - SKIN THICKNESS - INCHES

050

080



04.421
04 .423

+421

422

423

STOPS

1.

form of stop should, however, be employed at all surfaces in order to

CIVIL AERONAUTICS MANUAL

Stops are specifically required in the case of adjustable stabilizers
end elevator trailing edge tab systems (CAR 04.421 snd 04.4210). Some

avoid interferences snd possible damage to the parts concerned and to
limit the travel to the epproved range. (See also CAM 04.43L)

EINGES

15

de

The following points have been found of importance in comneetion with
hinges: ' '

Provisgion for lubrication should be made if self-lubricated or
sealed bearings aie not used.

The effects of deflection of the surfaces, such as in bending,
should be allowed for, particularly with respect to misalignment
of the hinges. This may also influence spacing of the hinges,
Sufficient restraint should be provided in ore or more brackets
Yo withstend forces parallel to the hingecenterline. Rudders,
for instance, may be subjected to high vertical aceelerations in
ground opsration,

Hinges welded to elevator torque tubes or similar components may
prove diffieult.to align unless kept reasonably short and welded
in place in acecurate Jjigs.

Piano type hinges are ascceptable with certain restrictions.
In gereral only the “Welosed® type should be used, i.e., the
hinge leaf should fold back under the attachment means. The
attachment should be made with some means cther than wood
serews, and this attachment should be as close as possible
to the hinge line to reduce flexibility. Piano hinges
should not be used at points of high loading, such as op-
posite control horns, unless the reaction is satisfactorily
distributed. Due to the diffieulty in inspecting or replac-
ing a worn hinge wire, it is better %o use several short
lengths than one long hinpge.

BEIEVATORS

1.

Then dihedral is incorporated in the horizontal tail the universal

comnection batween the elsvator sections should be rugged to conform
with (ar 04.423.

ohwZ 2
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o424 DYNAMIC AND STATIC BALANCE OF CONTRCL SURFACES

1., Dynamic Balance., A movable surface is dynamically balanced
with respect to a given axis if an arpular acceleration of the
surface about that axis does not tend to cause the surface to
swing about its own hinge line. A control surface which is
dynamically balanced about a certain axis will therefore remain
meuntral® with respect to 2 torsional vibration about that axis;
that is, it will act as though rigidly connected with, and a
part of, the fixed surface to which it is attached, As the
types of flutter likely to be encountered in aireraft structures
involve both torsional and bending vibration, the type of balanc-
ing employed and the choice of a suitable reference axis for
any given case will depend on the particular form of flutter to
which the component is subjected.

2. otatic Balance. Complete static balance of a movable con-
trol surface is obtained when the CG of the movable structure
is located on the hinge line; i.e., zero unbalance hinge moment,
or in a plane through the hinge line and normal to the median
plane of the surface. The following points should be noted in
connection with statically talanced surfaces:

a, VWhen a surface is in complete stabic balance the
muerical value of the product of inertia (K) is the
same for any sel of parallel oscillation axes, However,
the sign of the product of inertia (K) will depend on
the location of the oscillation axis with respect to
the center of pressure (CP) of the surface. ‘

b, It should be noted that when each section of a surface
perpendicular to its hinge axis is statically balanced,
the surface will be in complete dymamic bajance for
oseillation about any axis perpendicular to the hinge
axis; i.e., K/I = 0O,

¢, When the surface is statically balanced it will have
some dynamic unbalance with respect to oscillations
about an axis parallel to the hinge axis; i.e., E/I = 1,0.

3. Balance Coefficients. The dymamic balance coefficient, K/I,
is a measure of the dynamic balance condition of a control sur-
face., A gero coefficient corresponds to complete dynamic
balance for any given set of axes; i.e.,, perpendicular, paraliel,
or at an angle to each other, Positive and negative coefficients
correspond to dynamic unbalance or over-balance, respectively.
This coefficient is non~dimemsional and consists of a fraction
whose numerator is the resultant weight product of inertia of
the control surface including balance weights (about the hinge

o4=23
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and oscillation axes) and whose denominator is egual to the
welght moment of inertia of the control surface (including
balance weights) about the hinge axis, The coefficient K/I
ma2y he sazid to ropresent:

Exeiting Torgue
Resisting Torque

and is therefore mpre rational than the coefficient Cy which is:

Exeiting Toraue
Weight = Ares

Both are non-dimensional and will yield comparabtle resulis for
conventional surfaces, but only K/I my be considered to pro-
perly apply to other surfaces. It should be pointed out, how-
ever, that when K/I is used, variations with different aspect
ratio of the control surface may arise, particularly for the
perpendiculear axes case, This does mol occur with Cg.

4, Product of Inmertis with Respeet to Two Axes that are Mubtually
Pervendicular. 1In computing the dynamic balance coefficient,
XK/I, of a control surface for axes that are rutually perpen—
diculer {(within 159), the following procedure may be used:
Referring to Figure 35

a. Assume Xwaxis coincident with the assumed (or kmown)
oscillation axis., Fositive direction from the Y-axis
is aft of control surface hinge axis, and negative
forward of hinge.

be Assume Y-axis coincident with the control surface hinge
axis, Positive direction from X-axis is taken on the
Same side of the X-axis as is the center of pressure
(CP) of the maneuvering load on the surface (see CAR
04, Figures 04~5 and 04-7 for the maneuvering load
distribution). It showld be noted that it is umneces-
sary to compute the position of the CF for these
parposes, if the side of the X-~axis on which it lies
may obviously be determined by inspection,

ce After the reference axes have been established, the
surface should be divided into relatively small parts
and the weight of each such part (w) and the perpen-
dicwdar distance from its OC to each axis (x to Y-¥ axis
and v to ¥-X axis) should be determined and tabulated.
(see typical table, figure 35A), The weights and distances

should be accurately determined. The weights and CG
locations of doped fablric and trailing edge material
are sometimes underestimated with a resulting serious
unbalance condition, and z larger value of ¥/I. In
addition changes in service may tend Lo increase the

«d=24
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+Y NOTE: +Y-AX1S 1S TAKEN
ON SAME SIDE OF X-AXIS

A ASIS CP OF MANEBUVER-

ING LOAD ON SURFACE

CP OF MANEUVERING
LOAD DISTRIBUTION

NOTE: +X-AX1S
TAKENM REARWARD

rH\NGE AX1S

Y

AX1S OF OSCILLATION

FI1G. 35 DYNAMIC BALANCING OF CONTROL. SURFACES
(REF. CAM O4-424-3)
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MASS BATANCE COMPUTATIONS

MODEL, ¢ SURFACE: DATE:
Item [ Part Weight | Dist, from Iy_yuwf Dist.from
Ho, No, Description ~ hinge ¢ Moment = wx oseil- K = wxy
w x x* - + lation - | +
lbs, inches inch-1bsd inch-1bs} 1b.-ins,? ax:ILIsL= 4
’ (1) (2) (3) (4) ) | (8) NG (8] (9)
5 %
]
(4]
& ete.
TOTALS = -= + = = = =

STATIC UNBALANCE = ALGEBRAIC SUM OF X (Col. 4) and =(Col. 5) =

K/I

. =(Col, 8) +=(Col, 9) .

-y

=(Col, 6)

*%0

TYONVI SOILAVNOEEY TIALD
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unbalance, Referring to Figure 35 of CAM (04, the
product of inertia of the item of weight, w, is equal to
wxy. The product of inertia, X, of the complete sur-
face 1s the sum of the individuwal products of inertia
of each part., Fence, K = wxy. The weights should

be expressed in pounds and the distance in inches. K

is then in 1lbs,.-inches®,

Moment of Inertia of Control Surface about the Hinge
Axis, The moment of inertia (T _yi of the control sur-
face about its hinge axis may Ee computed from the data
found for computing X (in paragreph ¢, above)., I far a
small part of the weight, w, is equal to wx®, when x is
the perpendicular distance from its CG to the hinge,
axis., Hence I, .. is equal to the sum of the individual
moments of ineftia of each part and is equal to = w =°.
The weight sho:ld be in pounds and the distance in
inches, so that I... Will be in lbs.-inches®, It should
be noted that the’ cdrrect value of Iy.y will only be
obtained, if the weight items are brokén down into a
sufficient number of smell parts, especially in the
chordwise direction. This is particnlarly important

for such items as fabric covering and tzpe, dope, metal
skin, trailing edge tabs, tab operating mechanism, etc.,
uniess the moment of inertia is first obiained about a
parallel axis thirough the CG of the larger concentrated
weight, w, and then trensferred to the hinge axisy i.€.,
Ty = I0g + W 4 where d is the perpendicular distance
in inches between the CG and the hinge axis.

The dynamic balance coefficient is then egual to K/I

for the X and Y axes assumed. _
Tt is sometimes found necessary to ecalcoulate the product of

inertia (X2) with respect to one set of axes (X, and ¥p) given

the product of inertia (K;) with respect to another set of
axes (Xy and Y3) lying in"the same plane., Referring to the
figure:

Y.
s >
Y

— X,—> — X, —> c.g. of W

| ' T
4
J’ %

X' I - - f X.r
I ' Y
§<z - - i X,

42T
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Ko =Ky + X, A W+ oK) W+ x5y, W

Where W = Total weight in 1lbs. and % and y; are the
coordinates (in inches) of the CG with reference to

the X3 and Y) axes respectively, and X, and y, are

the distances (in inches) between the X axes and Y

axes respectively. '

It shoewdd be pointed out that in the case of statiecally
balanced control surfaces (zero unbalance), the pro-
duct of inertia (K) is independent of the true location
of the axis of oseillation (X) but not of its direction.

5. Product of Tnertiz with Respect to Two Axes that are not
Mutually Perpendicular. This case might cccur for some wing
bending versus aileron mode of vibration, with, for exanmple,
the relations shown in Figure 358, As shovm in ACIC #7111, the
product of inertia for the inclined axes (0-0-and Y-Y) can be
obtained from the perpendicular axes (X~-X and Y-Y) value by
the use of the following eguation:

Koy = Kgy Sin {) ~ Iyy cos b

If $ is tzken as the angle betwcen the hinge axis and the axis
of oscillation in that quadrant where the center of gravity of
the surface is located, neglecting the inclination of the axes
will be conservative if § is acute; if $ is obtuse the result
may be unconservative, especially if K is small compared with I.

6. Product of Inertia with Respect to Two Axes that are Parallel
and in whose Plane the Control Surface CG is Located. This case
may be of importance in some of the wing torsion versus aileron
and fuselage berding versus rudder or elevator modes of vibra-
tion. Using the same nomenclature as in the previcus cases
where ¥-Y is the hinge line of the control surface and X-X is the
axis of oscillation of the body as shown in Figure 350 which
represents a fuselage side bending versus ruddéer mode of vibra-
tion, then

Ky = %o X W+ Tpy
where: X, 18 the distance between the iwo parallel axes in
: inches.

x] is the distance of the CG of the control surface
(including balance weights) from the hinge line in
inches (aft of hinge is positive and forward is
negative).

W is the weight of the control surface (including
balance weights) in 1bs,
Iy_y is the moment of inertia of the conbrol swurface
(inclwding balance weights) about the hinge line
in 1lbs.-inches®.

=28
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INCLINATION OF THE AXIS FOR A TYPICAL WING-RENDING VERSUS AILERON MODE OF VIERATION.

301230 0—41—11 F] G 35 B

+ 429
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X Y
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X Y

PARALLEL AXES FOR A TYPICAL F'USELAGE-BENDING VERSUS RUDDER MODE QF VIBRATION,

FIG. 35C
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It is thus obvious that to make K equal to zero for this mode of
vibration x; must be negative; that is, the center of gravity of
the control gurface must lie forward of the hinge line.

7. The specisl case of parallel sxes wherein the control surface
CG@ is located outside of the plane of the axes, may in most cases
be resolved into the sbove parallel axes case (6) by projecting

the X-axis to the plane through the control surface hinge resulting
in & new X'-axis and reosolving the CG reaction into components
perpendicular end parallel to this plane., This mey only be done
when it cen be shown that the CG of the control surface fallsg in
the new plane through the X' and Y-axes which will be found true
for most rudders and elevators. However, for the alleron, as

shown in Figure 35D, where the hinge axis is usually near the
bottom of the surface resulting in the CG being sbove an X'-Y
plane, it will be necessary to consider the components of the Ca,
since en apprecisble unbalence may be present even with s statically
balenced aileron, for the true oscillation mode involving rotation
ebout the X-axiso

WING FLAFS

l., In addition to the usual air loads, flaps may be subjected to high
local loadings from impaet of water when the airplane is operated from
wet fields, or when uséd on seaplanes. This is partieularly true of
low-wing installetions,

2. Ground clearance of the flaps should be considered in the initial
design stages, 12 inches being a reasonable minimum. 8Since flap travel
may be varied before final epproval in order to secure the desired
flight~path, trim, or landing characteristics, the maximum expected
travel should be used when determining clearance.

TABS

1. Minimum deflections and pley sre of first importance in the in-
stallation of these surfaces. Strength of tane surface and anchorage
should be sufficient to prevent damage or misaliprment from handling.
This is particularly true of thin sheet tebs which are set by bending
to the proper position. See also CAM 04.424,

AT
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C.G. OF

/]

Y AXIS

(HNGE LINE) /- BALANGE ARM FOR

OSCILLATION ABOUT
X AXis.

SEE CAM 04 .424-4

4}( AXIS

PARALLEL TO AILERON
HINGE LINE,

PARALIFL AXES WITH THE CONTROL SURFACE C.G. QUTSIDE THE FLANE OF THE AXES,

FIG.35D
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DETAIL DESIGN OF CONTROL SYSIEMS

l. Genersl. The movements of horns, cebles end other components
with respect to eech other should be such that there is no excessive
chenge in system tension throughout the renge. Adjustable stabilizer-
elevator combinetions, in particular, should be checked for this
condition. Pulley guerds should be close fitting to prevent jamming
from sleck cebles since wide temperature variations will cause ‘
rigging loads to vary apprecisbly. The desipgn of the pulley brackets
should be such that the pulley lies in the plane determined by the
cables Allowsble tolerances in mamufacturing should not permit the
cable to rub asgeinst the pulley flanges.

2. Travel. The travel of the primary control elements is generally
dependent on the size of the airecraft. Stick travel at the grip may
very from 18" x 18" total to much smaller values for light aireraft,
Anpuisr travel of the control wheel from neutral may vary correspond-
ingly from 270° to 909, A usual value of pedal travel is 6" total.
There is a trend toward adjustment for varistions in stature of the
pilot, either in the seat or at the controls.

3. Positioning. 1In the layout and positioning of a control considera-
tion should be given to its relative importance and to its convenient
placement for the usual sequence of operations. Thus for landing, it
is desirable that throttle, propeller piteh control, flap control, and
brakes be operable without chenging hands on the wheel or stick. Like-
wise secondary controls such as fuel wvalves, extinguishers, and flares
should be so located that the possibility of accidentel or mistaken
operetion is remote.

4, Centering Characteristics. A point sometimes overlooked is the ef-
fect of the weight of & control member or of a pilot's erm or leg on
the centering characteristics of the eontrol. Por instance, resting
the hand on a stick grip in which the fore and aft axis is not directly
below the grip will tend to apply aileron. Likewise rudder pedals on
which the whole foot is rested and which have their hinge line below
‘the pedal will tend to move away from center.

5. Cables. Control ocsbleg should be of the 6 x 19 or 7 x 19 extra
flexible type, except that 6 x 7 or 7 x 7 flexible ceble is acceptable
in the 3/32 inch diameter size snd smeller provided that perticular

cere is teken to prevent wear. Cable smaller than 5/32 inch diameter
should not be used in primary control systems, except that smeller sizes
may be used for teb conirol systems where, in the evemt of caeble failure,
it is demonstrated that the airplame cen be safely controlled in flight
and lending operations. (See the following paragraph 7 regerding the
use of fairleads.) For propertiés of control cable see Table 4=14 of
ANC~5. End splices should be made by an approved tuck method such as
that of the Army and Nevy, except that standard wrepped and soldered
splices are acceptable for ceble less than 5/32 inches in dismeter.
Approved swaged-type terminels are also acceptable. It should be
remembered that csble sizes are governed by considerations of control
system deflection &s well as by strength requirements, particularly
when long ¢sbles are used.

o33
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6. Spring type comnecting links for chains have been found to be
not entirely satisfactory in service. It is advisable that & more
reliable means, such &s peening or cotter pins, be employed.

7« Fairleads should be used to prevent cebles, chains and links from
chafing or slapping egainst parts of the aircraft, but should not be
used to replace pulleys es a direction=changing meang. However, where
the cable load is small, and the location is open to easy visual
inspection, direction changes (through fairleads) not exceeding 3°

are sptisfectory in primery control systems except when 3/32 inch
dismeter cable is used. (See paregraph 5.) A somewhat greater value
may be used in secondary control systems. Becmuse of its corrosive
action on cebles, rewhide should not be used for fairleads or chafing
stripss

8. TWhen using extreme values of differential motion in the aileron
control system or a high degree of aerodynamic balance of the allerons,
the friction in the system must be kept low, otherwise the ailerons
will not return to neutral and the lateral stebility characteristics
will be adversely affected. This is particularly true when the aile~
rons are depressed as part of a flap system, in which case there may
even be definite overbalance effects.

9. Adjustable stabilizer controls should be free from "oreeping®
tendencies, TWhen adjusiment is secured by means of a screw or worm,
the lead angle should not exceed 4° unless additional friction, a
detent, or equivalent means is used. In general, same form of irre-
versible mechanism should be incorporated in the system. particularly
if the stabilizer is hinged near the trailing edge.

10. Dual control systems should be checked for the effects of opposite
loads on the wheel or stick. This may be oritical for some members

such as siieron bell orank mountings in an "open® system, i.e., no re-
turn except through the balance cable betweern the silerons, In addition,
the deflections resulting from this long load path may slack off the
direct conmnection sufficiently to cause jamming of cableés or chains un-
legs smooth c¢lose~fitting guards end fairleads are used.

1l. It is essenbiael thet control systems, when subjected to proof ang
operation tests, indicete no signs of excessive deflection or permenent
set. In order to insure thalt the surfaces to which the control system
attaches will retain their effectiveness in flight, the deflection in
the system should be restricted to & remsomable limit. As a guide for
conventionel control sysbems, the aversge enpguler deflection of the
surface, when both the control system and surface are subjected to limit

- loads as computed for the meneuvering condition neglecting the minimum

limit comtrol force but including tab effects, should not exceed approxi-
metely one=half of the engular throw from neutrel to the extreme position.

(See CAM 04,42-1)

12. Tt is essential that when & nose wheel steering system is interw
comnected with the flight controls care be teken to prevent excessive
loads from the nose wheel overstressing the flight conbrol system.
This objective mey be attained by springs, a weak link, or equivalent
meens incorporated in the nose wheel portion of the control system.

04""34'



+435

437

0.3
CIVIL AERONAUTICS MANUAL oigisi

13, Power Boost Controls. Such controls should exhibif control force
versus surface deflection curves which sre smooth end free from discon-
tinuities. (See also AR 04,75120.) Consideration should be given in the
design and in test to the effects of the temperature wvariation to pe
expected in operation, in order to mveid the possibility of Jemming or
exceseive lag. Smell chenges in valve adjustments or other settings should
not result in merked chenges in operating or control characteristics.

STOPS

1. Although the loecation of stops within the control system is nob
specified, they should prefersbly be located close to the operating
force in order to avoid a Mspringy®™ control. As noted in CAM 04,421,
additional ssops may in some cases be needed at the surfaces. Stops
should be adjustable where production tolerances are such &s to result
in apprecisble wvariation in range of motion.

JOINTIS

1. Bolts, straight pins, taper pins, studs, and other fastehing mesans
should be secured with approved locking devices. (See CAM 04.4020)
Rivets should not be subjected to apprecisble tension loads.

2. The mssembly of universal and ball and socket joints should be in-
sured by positive locking means, rather than by springs. In addition
the angular travel of such joints should be limited by system stops
rather than by accidental interferences which mey induce extremely high
stresses in the joints.

3+ Woodruff keys should nct be used in tubing unless provision is made
against the key dropping through an oversize or worn seat.

FLAP CONTROLS

1. TUndesirable flight characteristics, such as loss of 1lift and con-
sequent settling, may result from too rapid operation of flaps which
give appreciasble 1lift. When the prime function of the flap is Yo act
as a brake, however, slow operation is not sc important. When flaps
extend over a large portion of the span the control and means of inbter-
connection should be such as to insure that the flaps on both sides
funetion simultensously.

TABR CORTROLS

l., In addition to the air loads, consideration should be given in the
design %o the lapping effect of dust and grease on fine threasds, de~
flections of the tab due to the small effective arm of the horn or equiv-
alent member, and vibration commor to the trailing edge portion of most
movable surfaces.

2o It is adviseble to avoid a tab control with small travel because of
the resulting abrupt action of the tab.

SINGLE~CABLE CONTROLS

1. Single cable controls refler to those systems which do not have a

positive reburn for the surface or device being controlled. Rudder con~
trol systems without & balance cable at the pedals are considered satis-
factory if some means such as & spring is used to maintein ceble tension
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and to hold the pedals in the proper position. It should be noted
that it is not the intent of the specified rsequirement tomquire & -
duplication of cebles performing the seme funection. .

44 DETAIL DESIGN OF LANDIKG GEAR -

1. The wheel travel should be ample for the service and requirements
invelved. The geomebric errangement of members in the landing gear
should be such that the whieel trawel in the direction of the resultant
axternnl force will be mdequate. B8ee CAM 04.440-1, Extremely high
heat treats, particulsrly when combined with thin seetions, are usually
sourees of trouble in service. 4n ultimate strength of 180,000 pounds
per square inch may be regarded as s usual upper limit, exeapt in spe-
cial carsese To prevent binding and scoring in shock absorbers it is
desirable to keep bending deflections, and bearing stresses at pistons,
packing glands and bearings, at low values.

2. In general the purpose of unconventional gear is to facilitate land-
ing under unfavorable conditions. In order to realize this purpose it
is advisable that the energy sbsorption capscity be in excess of that
needed for conventional gear. ‘

«440 SHOCK ABSCRPTIOXK

l. In order to obtain sdegquate energy sbsorption without exceeding
‘the specified load factors it is essential to provide sufficient wheel
travel. Neglecting the effect of tire and structural deflectlcn, it
may be shown that:

$ =2
1| -
t = ocmponent of wheel travel in the directionm

‘of the resultant external force.
h = specified height of drop,
n = load factor, and
N = sbsorber efficiency.

Thus when & certain height of drop h must be met without exceeding a

“load factor n; the recommehded minimum wheel travel for any sbsorber
efficiency may be computed. While absorber efficiencies as high as .85
have been developed, 1t should be noted that such shock absorbers tend .
to give bouncing and undesirshle taxiing cheracteristies, This may be-,
obviated by ample travel in cambinstion with an absorber which does not
develop high loads in the Pirst part of travel but rather “builds-up®
gradually to a pesk load only when near the fully deflected position. - -
In such cases, an efficiency of .80 to .70 mey be expected. The effect
of the tire in altering the above relationship will in general not be
large because, while it provides additional energy sbsorption, its de-
flection increases the energy to be dissipated. Structural deflectior ™
while not ususlly of importance, may in some cases appreciably reduce -~
load factors.

PV TS



443

4440

45

04,443
CIVIL AERONAUTICS MANUAL 04045

A wheel appended to a previously approved teil skid instellation will
not be classed as a "lending gear wheel". See CAM 04.060-2 for an
accepteble procedure of use in meking such & change.

RETRACTING MECHANISM

1., The requirement of a visual position indicating means may usually be
met by mechanically or electrically operabted indicators. When windows

or other operings are so placed that it is possible for the pilot to note
directly the position of the wheels, a separate visual indicator is not
required. In such cases, however, it is essential that illumination be
provided for night operation. When it is necessary for latches to op-
erate before. the gear will carry landirig loads, lights or other means
should be used to indicate completion of this operstion. In the case of
amphibians the requirement in CAR 04.444 regarding aural indicators
does not apply. With this type of airplane it is usually more important
to guard against the possibility of alighting on the water with the wheels
down.

2. In the design of retracting systems, the scurce of most service ftroubles
lies in such items as latches (particularly if spring loaded), limit
switches, valves, cable installations, universel joints, and indicating
systems. The effects of mud, water, ice and extreme temperature variations
should be studied. '

3, In manually opersted systems it is desirable that the crank or lever
forces not exceed 15 to 20 pounds. Further, about sixty 12 inch strokes
por minute is a practicel maximum. Hence the total work input for opera-
tion varies with the time. To keep this at a ressonsbly low wvalue, it

is therefore important that losses be kept smell. With larger and heavier
gear the use of a bungee may be necessary.

The usual reduction ratios of screw and nut, and of worm and worm wheel
cambinations, are considered to provide irreversibility. Detents or other
means should be provided however if there is apprecisble creeping. Same
types of swinging erms which move slightly past dead center to a position
against a stop are also acceptable, but the effect of bouncing on landing
should be considered. |

HULLS AND FLOATS

l. Gereral practice in the design and construction of floats and hulls

is well established. Rive%t spacing for watertight joints is substantially
closer than required for structural strength. The same applies to spacing
of spot welds. Drain holes should be positioned at stringers, transverse
fremes, and other members so that water will drain to the low point with-
out being trapped in pockets at inaccessible points. Adequate inspection
openings should be provided. When the bottom is curved in transverse
section there mey be high loads acting inward at the chine between frames
due to the tension in the bottom plating.
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2. Due to the severe nature of the lomds imposed by water operation,
consideration should be given to the effect of sharp impacts and rack-
ing losds. DParticular attention should be paid to fittings, and, in
twin float seaplanes, to trusses and members carrying unsymmetrical
loads.

oA50 BUOYANCY (MAIN SEAPLANE FLOATS)

1., It should be ncted that Canadian requirements specify that twin-
float sesplenes shall have at least 100 per cent reserve buoyancy in
the floats. 8ee also CAIM 04.451.

o451 ' BUOYANCY (BOAT SEAPLANES)

1. Any of the methods common to naval achitecture may be used to
demonstrate compliance with buoyancy requirements. Bulkheads should be
watertight at least 18 inches above the water line being considered.
Acceptable svbstitutes for watertight doors in bulkheads asre sills or
sections which may be slid or set into place. These should likewise
extend at least 18 inches above the waterlire considered, and should
be quickly instellable. Bulkheads should possess smple strength to
withstand hydrostatic loads with some reserve for surges. Cables in
the hull should not be carried below the waterline due to the imprac-
ticability of sealing at watertight bulkhesds. Watertight closed com-
partments should be vented to a point well above the waterline and con-
sideration should be given to air pressure variation at the venbting
point. ‘

0452 WATER STABILITY

1. The methods employed in naval architecture may be used to demon~
strate compliance with the stebility requirements. In scome cases this
compliance has been shown by assymetric loading of the aircraft on the
water, Computations are acceptable but with certain types of seaplanes,
such as those incorporating seawings, the use of metacentric height as

o criterion becomes meaningless due to variation with list and loading.
Recourse must then be made to methods such as Bonjsan curves or the
homogenous mass method to demonstrate the existence of adequate righting
moments., For a further discussion of methods see texts such as ™The
Naval Construction™ by Simpson, "Theoretical Nawval Architecture™ by
Attwood , and MEngineering Aerodynamics" by Dishl. Note that the Canadia:
requirements for twin float seaplanes specify that the metacentric heigh!
ghall not be less than the folliowing values: '

Transverse metacentric height = 45 D t, and
Longitudinal metacentric height = 65 D ft, where

D = total displacement of the seaplane in cubic feet.

odm38
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4632 OPERATION LIMITATIONS AND INFORMATION

Satisfactory means of informing operating personnel of necessary
operation limitations and information are ocutlined below:

1. Instrument marking should he used for:

a., Airspeed not to be exceeded in glide or dive,

be Airspeed not to be exceeded in level flight or climb.

¢. Airspeed not to be exceeded with fiaps extended.

de R.P.Me not to be exceeded in take-off.

e R.P.M. not to be exceeded in climb,

fo RePeM. not to be exceeded in all other operations.

g. Manifold pressure not to be exceeded in take-off.

he Manifold pressure not to be exceeded in climb.

i, Manifold pressure not to be exceeded in all other opera-

tions,.

¥hen airspeed indicators, tachometers, and manifold pressure
gauges are so marked, the coloring outlined below should be used:

a, d, g - to be marked in mredt,
by, e, h - to be marked in nyellowv,
¢, £, i - to be marked in tgreent,

2. Acceptable methods of marking include:

a. Pointers, adjustabtle on the ground only.

be Sectors or lines properly marked and outlined on the
face of the disl, under the glass,

Ce Lines painted on the glass face of the instrument
when a or b above is impracticable and when the glass
is adequately secured against rotation. Such lines
should be painted over a2 suitably etched or scratched
line on the glass itself. This etching or scratching is
considered advisable for more serviceable markings,

3. When considered necessary by the Authority, operating infor-
mation and limitations such as the following should be included
in a manual, or its equivalent, which must be carried in the
pilot's compartment and be accessitle at all times:

a. Emergency ceiling and conditions under which it may be
obtained.,

bs A1l other information or limitations considered neces-
sary by the Administratlon te properly inform operating person-
nel of the conditions necessary for operation in compliance
with the Civil Air Regulations.

e e )



G4,

CIVIL AERONAUTICS MANUAL

o440



CIVIL AERONAUTICS MANUAL 04-App I

APFENDIX I

AN INTERPRETATION OF CAR 04,003 FOR THE CASE OF LARGE ATRPLANES

A GEFERAL

1., Since, as stated in CAM 04.00 , the present CAR 04 requirements

are based largely on experience with airplanes weighing less than

30,000 pounds, it is realized that scertein of these requirements can-

not logically be applied to larger and larger aireraft without involv-

ing either the danger of inadequate rules or the disadvantage of too

sovere requirements. It is thersfore essentisl that, during the initial
stages of the design of such airplanes, the designer contact the Administrator
for special rulings which will be made for the particular design in-
volved. It is likewise essential that very close cooperation be msintained
between the designer and the Administreator throughout the design period -
and until the completion of the airplane.

2., Although it is impossible to anticipate all of the new airworthiness .
problems invelved in the design of large asireraft, the modifications to
CAR 04 which are outlined in the following sections are considered to
be generally applicable to suck aircraft. If cases arise in which there
is doubt as to their applicability to a particuler project, the designer
is of course at liberty to employ alternative modificetions, provided
that such modifications are substantisted. This appendix will be revised
from time to time as new modifications are adopted.

B STRUCTURAL LOADING CONDITIONS

1. Design Gliding Speed. (See (AR 04.211). A Vg of less than 1.25
Vr is in general believed inadequate. This factor may, however, be re-
duced if it is shown that the resulting placard meaximmm speed suffices
for all the ocontingencies which may arise in operations. It is sugpested
that a polar diagram be plotted, showing the flight paths, indicated air
speeds, and rates of descent, with zero thrust and with cruising power.
This will assist in determining the adequacy of the design gliding speed
proposed.

2. Maneuvering Load Factors. (See CAR 04.2120). Although large air-
planes are generally less maneuverable than smaller ones, they are also,
in many cases, less controllable after & maneuver has been begun, either
advertently or inadvertently. DPending the develomment of more rational
maneuvering load factor criteria for such airplanes, it is believed that
the minimum limit maneuvering load factors of + 2.67 and - 1, 355 should
be used at all speeds up to Ve

I-1
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3. Gust load fectors. (See GAR and CAM 04.2121,) Positive =md
negetive values of U of 30 fest per second (limit) should be used in
Condition I (CAR 04,.,2131) and Condition II (CAR 04.2132). The resulting
gust loed factors should also be used for Condition III and IV

respectively.

4. Horizomtal Tail Surfaces. (See CAR 04.221). A 30 foot ghst
should be used for the design of the horizomtal surfaces at V.. The
effects of downwash on the horizontal tsil may be allowed i‘or.L Mors
definite Information on this can probably be obtained from the NACA.
The quest%on of meneuvering loads is difficult to decide at present.
The existing requirements may be seatisfectory, but should not be relied
on as final. A ratiomal study of the specific case involved, based on
the maximum deflection likely to be used at Vp, may lead %to more appli-
cable normal force coefficients than those specified by CAR 04.2211.

5. Allerons. (See CAR 04.223). Tt is suggested that the meximum
def‘ELec'tion likely to be used at Vp be taken as a criterion for aileron
design loads. This will involve an investigation of sileron loandings
based on normal force coefficients and pressure distribution data.

6. Wing Flaps. (See CAR 04.211, 04.214, and 04.244). The present
requirements for flap design speseds can probably be lowered to 1.87 ¥
(placard 1.5 Vgp) provided that gust velocities of + 30 and - 30 feetSf
pet second are used in Conditions VII { ¢ar 04.2141) and VIIT ( CAR
04,2142) respectively. If partial deflections are to be used at higher
speeds en additional investigation is necessary. '

7. Loads on Sea Wings. No strength requirements have been formulated
for sea wings. The suitabllity of such instellations will be determined
by operating tests. It should be borme in mind, however, thet water is
approximetely 800 times as dense as air end that ses wings and floets

are therefore subjected to very high loads and pressures when they en-
counter waves in lending or on teke~off. The memufacturer proposing to
uge sea wings should substentiate the loading conditions chosen for their

design.
PROCF OF STRUCTURE

1. Effects of Size. It appears that existing airplane structures have

‘just about reached the limit of safe extrapolation from previously ap-

proved structures and that further increase in size introduces an element
of uncertainty diffioult to remove., In view of the serious nature of
this situation it is suggested that designers prepare a comprehensive
oubline of the general methods of strength esnalysis to be used on wings,

- Puselages and hulls, and of the specimen tests which will be mede %o sup-

plement the analysis. This waterial should be submitted to the Administrator
as early in the design sbages as is practiceble. It is apparent that a
thorough study of this situation is necessary if the Adninistrator is to aveid
requiring high margins of safety which will impair the efficiency of the
airplane. Otherwise it may be necessary to conduct destruction tests

of camplete components.

12
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2. Wing Analysis. In preparing ‘the program mentioned in 1 sbove, the
following points should be considered:

2. Determination of the mmgnitude and distribution of stresses
due to bending and torsion.

b. Determination of allowable campressive loads in wing covering.
0. Mloweble shear loads in webs.

d. Combined loadings.

e. Specimen tests, panel tests, and partial wing tests.

f, Ultimate Pactors of safety. These may be increased over
the present required values if there appears to be un-
certainty as to the reliability of the strengih snalysis
and test methods).

3. TFuselage and Hull Analysis. A Pprogram such as outlined for wings
in item 2 above should be submitted. In particular, information should
be included as to the strength of mair and intermediate frames; the
rigidity of intermediate frames and their adequacy in regard to the pre-
vention of general instsbility; the strength of the side covering in
shear; the strength of vertical and longitudinel stiffensrs a&s affected
by disgenal tension fields; the effectiveness of the covering in cam-
pression, and the effects of cubtouts and discontinuities.

DETAIL DESIGN

1. Flutter Prevention. Before the design has progressed very far, the Admin
istrator should be informed as to all design features and preceutions to

be used to prevent flutber. Umucually large cantilever spans, snd oubt-

board vertieal tail surfaces, may necessitate special precautiocns,

2. Control Systems. If a power control system is used, it will probably
be required that certain minimum maneuvers can be performed after the
power source has failed.

3. Exits. In view of the large size of the compartments, it is felt

that considerstion should be given to supplying emergency exits on esch
side and at the top of each major compartment,
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(Sample Weight and Balance Report)

NAME OF MANUFACTURER

REPCRT NOo
WEIGHTS AND BALANCE
OF MODEL °

SERIAL KO,

IDENTIFICATION MARK

Prepared By
Checked By
Witnessed By
(Signature of ¢ivil
Aeronautics Administration
Representative)
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Pa.ge No.
Section 1. Alreraft Empty Weight Report No.

(4) Empty weight as weirhed (in level landing positiomkx)

}wf—Leading edge of lower wing at point vertically ebove wheel,

———

25 e MAC-8Q"—e=
Mark minus if leading edge is aft of wheel.

| S - 6' -

N

*
- . Zlo“ =5
Scale Reading Tare Net
Left Wheel 1020 15 1005 1bs.
Right Wheel 1010 15 995 1bs.
Tail Wheel 400 150 250 lbs,

Total 2250 1bs.

Total net'empty weight inecludes residual oil, The oil tank was filled and
the system drained before weighing, 6 gallons of oil were drained from the
system.

CoG. Empty {as weighed) is aft of wheel centerlines .Eégzgg%lgﬂ__ = 23,31
C.Ge Empty (es weighed) is aft of lower wing leading edge 2343 + 6 = 29.3"
Lower wing leading edge is aft of datum 100.0"
C.G. Empty (as weighed) is aft of datum 100 + 29,3 = 129.3"

Datum to M.A.C leading edge = 102" (See page 2  of Report 981 )
* Measured along floor with sid of & plumb-bob.

** Level by mears provided in aceordance with CAR 04.91,

IT 3



O4~App II CIVIL AERONAUTICS MANUAL Page No.
Section 1. Conttd. _ Report No.

(B) Empty weight as weighed includes the followings

{1) Class I Equipment*

Ttem Noo*** Nams Weight

10 Starter 21

11 Battery 40

12 Heater 2

13 Ventilator 4

14 Generator 20

15 Pogition lights -

16 8450-10 wheels (Mfr. and model) Weights not
and 8,50-10 6-ply tires w=1 / required except

17 10 1/2 in, streamline tail wheel--} | wher optional

] Instruments not required {list) wheels are usede

(2) 1Items for which approval as Class II or Class III OPTIONAL equipm
ment is desired (end test equipment):
Welght** Hor, Arm Hor.
{Net inerease) from Datum Moment

7 Wheel streamlines 24 71 1704
19 Flares (Type) 17 175 2975
4 Adjo metal prop. 70 lbsa

{Cless I prop. is wood

46 1bs,.) 24 13 312
6 Optional instruments

not required (list) 15 - 80 900
20 Optionsl fuel capacity

70 gals. (2 tanks at
35 gals.) (Class I
capacity ineludes 2
wanks at 25 gals.

3% 1bs,) 15 90 1350
21 Radio

Receiver (Type) and 30 80 1800

antenna
Shielding (Type 10 16 160
Bonding ‘ 10 . 50 500

b Bellast conteiner

and straps, etc. 20 138 27860
Total optional 165 12461
(3) Empty weight as weighed 2250 12903 290925
Optional Equipment ;:!.__@_g : :_}E;*El
Bagic empty weight 2085 X 278464

Xy = 278464 = pistance from detum to C.G. of ,
airplane empty with all Class I items only.

* ®"¢lass I Equipment™ (See CAM 04.0322), List all such items even though
weights are not inecluded for some.

ok All weights of equipment are installation weights. When weight listed is
net increase over Class I equipment, list weights for both as noted for
propeller and fuel tarks sbove (items 4 and 20).
*##% Ttem Numbers to correspond with numbers used in Balance Diagram.
IT-4



CIVIL AERONAUTICS MANUAL O4-App II

Page No.
Report No.
Section 2 = Most Forward C.Ge Load Condition
(4) Loading as actually flown:
Ttem Ko. Nams Weight Hor. Arm Hor, Moment
Empty weight as weighed 2250 129.3 290925
1 0il 5 gals. 38 51 1938
2 Fuel 20 gals. 120 90 10800
3 Pilot + parachute 220% g0 20250
4 Propeller (If other than
noted in Section 1(B))
5a Ballast (incl. containers,
straps, etc.) 100 80 6000
Totals 2733 120.8 329913
Datum to M A C leading edge 102 102
Per cent of M 4 C 18,8 § BO(MAC) = 23.5%
Inches aft of leading edge of wing 120.8 =~ 100 = 20,8 in.
(B) Loading substantiated by 2{A):
Basic empty welght 2085 In 278464
lo Qil 5 galse 38 . 51 1938
2o Fuel 70 gals.** 420 90 37800
3. Pilot*** 170 90 18300
3. Passengers (in front seat) 170 90 15300
3. Parachutes in front seats (2 at 20 lbs,) 40 90 3600
4, Propeller (heaviest to be used)(70-46) 24 13 312
8. Opticnal instruments 15 80 800
7+ Wheel streamlines 24 71 1704
21, Redio equipment forward of most forward
Colo 1limit
Plus octher items of optional equipment
eritical for most forward C.0. load
cordition for which approval as {lass III
eguipment is desired,
Totals Wy Xp*srx Mo
NOTES ARE PERTIMENT TO BOTH SECTION 2 AND 3,
* Actusl weight of pilot and perachute shall be used in Sections 2(A) and 3(A)

instead of standard weight of 180 lbs. (170 + 20),
ke Fuel substantisted shall be as follows: (See CAR 04,7211)
{a) 1 galo for every 12 MAXIMUM EXCEPT TAEE~CFF horsepower when minimum
fuel is eritiesl. .
(b) Full tenks when maximum fuel is critical.
*x¥  TWhen controls are arranged in tandem and the aircraft can be flown from

either position, Seetion 2(B) will ineclude the pilot in the frant cockpit.

Similarly, Section 3(B) for the most rearward C.G. condition will ineclude

the pilot in the rear cockpit. (Otherwise the airplane must be placarded

accordingly). :
sk Shall not exceed limits in 2(A) and 3(4).
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Page No.
Report No.
Section 3 ~ Most Rearward C.G. Load Condition
(A) loading as actually flown:
Iten No. Name ' Weight Hor. Arm Hor, Moment -
Empty weight as weighed 2250 129.5 280025
1 0il 5 gals. 38 51 1938
2 Fuel 20 gels, 120 90 10800
3 Pilot and Perachute 225%* 90 20250
4 Propeller (If other than noted
in Section 1(B))
5b Ballast (incl. containers,
straps, ete.) 200 250 5000
Totals : 2833 132 373913
Datum to M A ¢ leading edge - 102
Per cent of M A C 30 & SO(MAC) = 37.5%
Inches aft of leading edge lower wing 132 - 100 = 3240 in.
(B} Loading substantiated by 3(4):
Basle empty weight 2085 XE 278464
1. 0i1 5 Z%S. a8 531 1938
2e Fuel = 20 gals, ** 120 80 10800
Iz 8
Bs Piloh #** 170 90 15300
4. Propeller (lightest to be used)
included in basic empty weight no net inerease
6o Flares (Type) 17 175 2975

Te Radio equipment aft of most rearward
CoG. (Passengers in rear seat are
at arm of 125, If aft of 132 the rear
passengers and parachutes should be
included here)

Plus other items of optionsl equipment eritical for most
rearward Co.G. load condition for which approval as Class III
optional equipment is desired.

——b—— —

Totals Wﬁ X #oknk Mh
NOTES ON PAGE & ARE FPERTINENT TO SECTION 3 ALSQ.

Section 4 -~ Pull load corndition

(&) Loading as actuslly flown:

(Same form asUZ(A) and 3(A))
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APPENDIX IXI
BIPLANE WING LIFT COEFFICIENTS

Raorintsd from Air Commerce Bulletin
Noverber 15, 1934

Two N. A. C. A, Technical
Reports ! embody a complete exposition
of the latest available information as to
the effects on the individual wing Iift
coefficients of stagger, wing thickness,
gap, decalage, overhang, unequal chords,
and unequal eﬂ’ectwe areas. The pur-
pose of this paper 1s to present in sum-
marized form a si é)hﬁed practical
solution for Cp, and based on the
data of these reports, except for certain
practical compromises and the elimina-
tion of an inconsistency as noted later.
First are listed the known cellule and
wing characteristics, followed by com-
putations and references to the figures
of this paper in the order corresponding
to the quickest solution. A sample
computation parallels the general
presentation,
Given:
b, =40 ft.

win,
by =20 t.

Overall span of upper
g.
Overall span of lower

wing.
b ,=40ft. Netgpan of upper wing
{overall less fuselage cut—

out).

b;,-—174 ft. Net span of lower
wing (overall less fuselage
eut-out).

8.,=300 sq. ft.

per wing.?

S;,—'?G sq. ft. Cross area of lower
wing.?

87,=800sgq. ft. Net area of upper
wing (gross less cut-outs).

8',=64 8q. ft. Net area of lower
wing (gross less eut-outs).

f.=T7.5 ft. —gr.,/b’... Mean geo-
metri¢ chord of upper wing.
¢r=44 in.=8';/b'r.  Mean geo-
metric chord of lower wing.
G=466 in. Distance normal to
zero lift direction.?
Stagger=44 in. Disgtance parallel to
zero lift direction.?
1,=6.6 in.' Maximum thickness

Gross area of up-

0i ¢ .
§=3. 'Decalage in degrees.
Solution:
ir/G=.10=6.6/66
s=1.0=stagger/c'r=44/44
Al— 012 from ﬁ%ure]ll-lé-‘tunc-
tioh of /G and's

1. Relative Loading on Biplane RWings, by
Walter 5. Diehl, NACA T.H.455. Relative Load-
irg or Biplane Wingsof Unequal Chords, by
Walter 3. Diehl, RACA T.R. 501.

2. Assuming wings contiruous from tip to tip.
5. Between momn merodynamic centers of

upper anc lower wings as showr In

FigRT~E. (Sec alac CAM 04.217-E)-

ITII-1

40--20
.50 0

Fo=50= 1—”"

Gle!L=1.5=66/44
Bi—— 0596 from ﬁgumm""*
function of Gfc'L.
Ci=—.015 from ﬁgure]]E3’}'-r—

bao—bs
by

by,

funetion of = Bu—br
i b.’-
D=c’1,/c’.,=%,£'>< 7,
64 40 _
=306 X717 -%0
Ei=[F\(A;+B#)+C1D
=[50(012-+ 3 —~.059¢)
+(— 15)].50
A2== 050+0 17s=.050
0.17X1
= 22
r=l [?n_’ b_L’:I
2[300+76
=5.3 _
F,=.76 from figureRd, funec-

Bie tlon of R and /c L.
.018
(d:Fo+Bb)=. ggg( .764-.0186X3 -

Cg-—‘— 013 from figureIlaf”
funectior of b"b b and,

, (A:F2+ By
Ky=[(4;F,+ B+ C)ID
=[(.233—.013)1.50

=.105 .
E=4.68=S’u/S,L:E300/64
Cr,=(1+E)Ce+K,
=(1+.105)C,—.049
Cp,=1.106C.—.049
Cr,=(1—EE)C.—K\E
=(1—.105X4.68\C,,
— {—.0497X 4.68)
Cr,=.508Cr--.23
When CL=0;CLu= "".049C’LL=.23
When Cr=1.0,C.,=1.056C;, =738

Plot strs.lght lines through these
values In . Pig. 11, pree .i-10

Remarks: (1) It should be noted
that the methods in T. R. 501 of cor-
recting for overbhang.in ﬁgures.@o and
are incorrect in that Ki, K and Ky
as well as F» X Kujand Ka, should
correspond to Ly, equals unity, i. e.,
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equal chords. The correction for un- {4) In a correct solution the derived
equal chords should have been intro- | straight lines for Ci, and Cr; wil
duced later by multiplication of the | intersect at the corresponding value of
values of K; and K; for equal chords | (Y of the cellule-
by the ratio of geometric chords of the (5) The use of the mean serodynamic
lower to upper wing. centers maskes this method of solution

(2) Gross areas are used only for the | applicable also to those cases where the
determination of the average aspect | wings incorporste sweep back and/or
ratio. taper in plan form.

(3) For the case of deflected flaps (6) Wings incorporating twist are a
an  equivalent decalage should be | special problem not directly amenable
introdueed. to the procedure of this paper.
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‘Sheet 2 - , Part 04
Civil Aeronautics Board ’ CAR
10/15/41

PART Q4,—-ATRPLANE AIRWORTHINESS

s s s o

The following amendment,. together with Amendment Sheet No.
1, corrects Civil Air Regulations Part O4.,--Airplane Air-
worthiness (as amended to April 1, 1941} to October 15, 1941.

IRRE008E

AMENDMENT NO. 129: Revising the Quaiifications for, and the Ruies
Governing the Operation of, Air Carriers (effective October 1,
1941).

1., Section 04.530 is amended to read as follows:

04.530 ACP LANDPLANES - VISUAL-CONTACT DAY FLYING. The same as -speci-

fied in § 04.511 and, in addition, the following:
~ {a) An electrlcally heated pitot tube, or equivalent, for the airspeed

indicator. -

(b} One additional portable fire extinguisher of the type specified in
S 04.510(j). (See § 04.5811 for installation requirements.)

(¢) Fixed fire extinguishing apparatus of an approved type for each L
engine compartment. i

(d) Type certificated radio equipment as specified in Part 40, '

(e) . A set of spare fuses. (See § 04.5822 for installation requirements. )Q

(f) A rate-of-climb indicator. ;

(g} A storage battery ~ same as § 04.513(f).

2. Section 04.5812 is amended to read as follows: ?
04.5812 SAFETY BELT SIGNAL. When a signal or sign is used to indicate ¢
to passengers the times when seat belts should be fastened, such signal or
sign shall be located in a conspicuous place and so arranged that it can be £
operated from the seat of either pilet.



